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Winter and spring wheat are two of the JOOst i.np:>rtant field 
crops in the state of South Dakota , ranking first in total acres har­
vested . In 1979 , spring wheat was seeded on 
'
1 .05 million hectares 
and winter wheat on 0 . 45 mdllion hectares producing 1 .25 mdllion 
metric tons and 0 .2 8  million metric tons of spring and winter wheat 
respectively ( 79) .  Winter wheat is primarily grown in the west 
central, south central and south western regions of the state wh ile 
spring wheat is concentrated in the northern and northeastern areas 
of South Dakota (Figure 1) • 
Winter wheat production in South Dakota has been limited in 
many areas due to the high risk of loss associated with freeze in­
jury. Management practices can alleviate a portion of this risk and 
may rrake it a feasible alternative to growing spring wheat . There 
are several advantages to growing winter wheat if it were �nsistent­
ly possible . A typical yield advantage of 270 to 670 kg/hectare ( 4  
to 1 0  bushels/acre) exists primarily because winter wheat matures 
during the oooler and lower evapotranspiration portion of the year , 
therefore being subjected to less drought and heat stress . There is 
a better distribution of farm labor because seeding and harvesting of 
winter wheat occur a. different tines than that of spring grains . 
Winter wheat also provides some ground cover and residue during 
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Figure 1: Spring and winter wheat production per centaRes in 
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South Dakota Crop Reporting Service districts. Averages were cal­
culated using the five-year period from 1976 to 1980. Total average 
spring and winter wheat production for this per iod was 1.1 and 0.46 
million metic tons, respectively(79). 
* Denotes location of the study site . N 
periods of potential soil erosion and can help break up weed cycles 
developed by continuous cropping to spr ing grains . 
3 
Two oo111100n production systems are found in the major wheat 
growing regions of South Dakota. These are oontinuous cropping and 
an alternate wheat-fallow rotation. For spring wheat, a ratio of 3 : 1  
exists for the amount of cropland continuously cropped to that in a 
wheat-fallow rotation. Winter wheat is nearly opposite with a 1 : 4  
ratio of continuous winter wheat to wheat on fallow. 
In an alternate wheat-fall� rotation, spring wheat is plant­
ed in the spring, harvested in late July or August and the land is 
fallowed for approximately 21 oonths until wheat is again planted. 
Conversely, winter wheat is planted in the fall of one year and har­
vested in midsl.II1'1ter of the next year after which the land is fallowed 
for about 14 ronths until wheat is again planted. 
The reasons for failure of the continuous system and use of 
the alternate wheat-fallow system are related to the climate which is 
characterized by low and erratic precipitation, severe wind condi­
tions and extreme temperatures . In central and western South Dakota, 
for instance, precipitation averages 420 Imn annually, varying from as 
low as 270 nm to as high as 580 mm ( 80 ) . Most of this precipitation 
occurs from April th rough August when temperatures reach the years 
highest value, causing substantial water loss by evaporation. 
4 
Fallowing is practiced to accmnul.ate enough water in the soil 
during one year so that wheat can be grown successfully in the fol­
lowing year. The desired effect is to increase and stabilize wheat 
yield over the years ( 33 )  • 
In recent years however , better management practices have in­
creased the amount of misture stored in the ,soil during the non­
cropping season. These practices can eliminate the need for fallow 
and can provide protection from freeze injury for winter wheat . 
Practices such as seeding with deep furrow drills , seeding into 
standing stubble , no-till seeding , and wind barriers of various types 
all provide protecion to sane degree. They also manage snow to keep 
it � place for further protection and insulation as well as for 
rooisture storage. The effect of standing stubble per se influenced 
winter soil temperatures in research by Aase and SidOOway ( 2) in that 
temperatures under standing stubble were 4 to 5 C warmer than those 
on bare soil. 
It appears then , that it rray be feasible to grow continuous 
winter or spring wheat successfully under the climatic conditions of 
South Dakota s.irrply by altering current nanagement practices. This 
may be possible with the use of no-till or reduced tillage between 
harvest and seeding which leaves all or nearly all residue on the 
soil surface . Weeds can be controlled through the use of appropriate 
herbicides . standing stubble would increase soil moisture storage 
over winter by inproved snow entrapnent . This stored water would add 
to spring and early sumner precipitation to carry the wheat crop to 
naturity. 
5 
This thesis has as its main objective to determine and com­
pare the effects of three tillage systems and two cropping sequences 
on soil moisture , soil temperature , establiShment and survival of 
winter wheat , and yield and its oomponents fo� spring and winter 
wheat production in South Dakota. 
The three tillage systems involved are: 1) No=-till, where 
all residues renain and wheat is see.ded directly into standing stub­
ble . Weeds are oontrolled with appropr iate herbicides . 2) Reduced 
tillage, �ere roost residues ranain on the soil surface , but some 
tillage operations are performed prior to seeding and/or after har­
vest to oontrol weeds . Herbicides are also used with this system if 
needed. 3 )  Conventional tillage, where nearly all residues are 
buried through tillage operations before seeding and post-harvest . 
During the non-cropping season, all weed oontrol is carried out 
through tillage operations . 
The two cropping sequences involved are : 1) Continuous 
wbeat' where ooth spring and winter wheat are grown under the three 
tillage systems year after year . And 2) Alternate wheat-fallow, 
where spring and winter wheat are cropped one year and fallowed the 
next while maintaining all tillage treatments during fallow . Two 
6 
sets of this sequence were developed to obtain crop data yearly from 
a previously fallowed treatment . 
Winter and spring wheat were grown to determine if winter 




The effects of tillage have been evaluated to sane extent in 
JOOst major wheat production regions in the world. · Literature cited 
will be primarily from the Northern and Centro! Great Plains region 
which includes North and South Dakota, Montana , Wyaning , Nebraska , 
Colorado , and Kansas . Since much of the wheat in this region is 
grown on fallowed land , a section will be devoted to studying the ef­
fects of different methods of falloW-ing on water storage and wheat 
yields . The effects of crop residues on spr ing and winter wheat 
production will be reviewed extensively and an effort will be made to 
discuss spring and winter wheat independently within each subject 
area reviewed. As the results of various experinents are discussed , 
special attention has been given to avoiding difficulties due to dif­
ferences in soil , climate , methods of sampling , length of fallow and 
other special circumstances . 
A. S1.JIIll'(erfallowing and Efficiency of Various Methods 
The main purpose of SUit11lerfallowing is to accwnulate enough 
water in the soil during one year so that wheat can be successfully 
grown in the following year (33 ) . The desired effect of fallowing is 
to increase and stabilize wheat yields over the years . Methods of 
fallowing have evolved from clean or black fallow to stubble mulch 
7 
fallow and recently to no-till fallow. Before the dust storms of the 
1930's , deep and repeated tillage of the soil during the fallow 
period was advocated as the best neans of storing and oonserving 
water , keeping the soil free from weeds, and preparing a "clean and 
firm seedbed" . The dust which was created by repeated tillage sup­
posedly broke capillary continuity from the soil to the abmosphere 
and thus reduced evaporation. However , this method increased soil 
erosion hazards by water and es�cially by wind and ,  in addition, 
failed to achieve one of its intemed goals which was water 
oonservation. 
8 
Awareness of saving the soil and water led to extensive ex­
perinentation on stubble mulching . This research was originated by 
Duley and Russel in Lincoln, Nebraska ( 24) • The nain idea of their 
system was to leave enough crop residues on the soil surface to 
protect it from erosion, to increase water infiltration, and to 
reduce runoff and evaporation. Subsurface tillage implements were 
developed that cut weed roots beneath the soil surface leaving crop 
residues on the surface . Crop residues reduce the energy of raindrop 
inpact , thus preventing the sealing of the soil surface which in turn 
increases infiltration and reduces runoff . By their windbreak ac­
tion, crop residues also minimize evaporative losses and soil erosion 
by wind and trap snow during winter mnths . 
Maintenance of maximum crop residue cover on the soil surface 
and efficient weed control are two important factors in the success 
of stubble Illllching. It has been shown that high amounts of crop 
residues are necessary in order to achieve a significant reduction in 
evaporation as OOnp:lred to a bare soil ,  especially during extended 
periods of drought (10) . Uncontrolled weeds rapidly deplete the 
stored soil water and also deplete same of the available soil ND3-N 
( 44) • Before the advent of contact and post-emergence herbicides , 
several tillage operations were necessary throughout the fallow 
period to control weeds, in addition to preparing a seedbed .  These 
increased water loss by evaporation and reduced the amount of crop 
residues kept on the surface . Consequently , fallow efficiencies 
( amount stored X 1 00/fallow precipitation) of 25% or less were ob­
tained by most investigators working with stubble mulch in the Great 
Plains (66) • 
'!be oont>ina.tion of subsurface tillage and chanica! weed con­
trol can increase fallow efficiency substantially by decreasing the 
number of tillage operations . With this system, also known es mini­
Illlm tillage , reduced tillage , or ecofallow , contact and pre-energence 
herbicides are applied shortly after wheat harvest to control any 
weeds or volunteer wheat until late in the spring . · A limited number 
of tillage operations are then required until wheat planting in 
September or the following spr ing. By this method , wheat stubble is 
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left standing over the winter of the fallow year and greatly 
contributes to water storage by snow catc�nt {30) . 
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The best water storage and conservation technique is known as 
no-till or chemical fallow. This leaves the maxirrt.ml moount of tmdis­
turbed crop residues on the soil surface throughout the complete fal­
low period, but weeds Illlst be oontrolled entirely by use of her­
bicides . This system has been under intensive investigation at 
Sidney, Montana ; North Platte , Nebraska; Akron, Colorado and other 
locations in the Great Plains { 2 ,5 ,33 ,40 ,46 ,5 8) . It has proven very 
successful in oonserving water , soil and energy. Wheat yields have 
been generally equal or higher than those obtained with other systems 
of fallowing. Sane of the limitations of no-till are : 1 )  high cost 
of some oontact and pre-emergence herbicides , 2} the difficulty of 
planting in heavy residues , and 3) lack of tmderstanding of the con­
sequences of straw accumulation on phytotoxicity , soil nutr ient 
status , diseases and insects . 
1 .  water Storage Efficiency of Fallow 
Soil water storage efficiency dur ing fallow (or fallow ef­
ficiency) is generally defined as the ratio , in percent , of the 
aroount of water stored in the soil at the end of the fallow period 
over the amount of precipitation dur ing the same period { 51) . 
Mathews and Arir¥ { 66} calculated and sunrnarized results for spring 
and winter wheat from several locations in the northern and central 
Great Plains. Sunmarized in 1960 , roost data fran the various 
locations were oollected in the �riod from 1 920 until 1960 . 
TWenty-one ronth fallow efficiencies (spring wheat) fran seven loca­
tions and 14-roonth fallow efficiencies (winter wheat) from five loca-
tions of the northern and central Great Plains were : 
No. of Water Fallow 
IQcation years StQl:ed E:ffi�iency 
-nm- -%-
Spring Wheat 
Williston, NO 6 111 19 .4  
Dickinson, NO 20 115 18 . 6  
Mandan, ND 39 99 17 . 1  
Newell , SD 45 108 17 . 4  
Ardmore , SD 11 113 18 . 4  
Scottsbluff ,  NE 6 128 21 . 4  
North Platte , NE 24 133 18 . 7  
Winter Wheat 
Huntley , Ml' 20 76 18 . 1  
North Platte , NE 17 128 22 .0 
Colby , KS 23 113 18 .2 
Hays , KS 40 107 1 5 .0 
Garden City , KS . 26 96 1 5 .6  
Fallow efficiencies at these locations were quite low and ranged fran 
15 to 22% with averages of 18.7% for spring wheat on fallow and 17 .8% 
for winter wheat on fallow. The authors attributed roost of the loss 
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of noisture during fallow in the Great Plains to evaporation from the 
soil . 
Smika (76) reported the results of an experinent to study the 
effect of tillage timing on water storage at Akron, Coloraoo . The 
average soil water oontent at the end of the 14-!00nth fallow for win­
ter wheat was 213 nun, 194 rrm, and 199 nm when blade tillage was per­
formed after wheat harvest , April 1 ,  and May 1 , respectively. The 
small difference between the early tillage treatments and the late 
ones was attributed to the fact that less weed infestation occur red 
with the early treatment than with the others . 
In another experi.nent at Akron, Colorado (76) the first sub­
surface tillage operation after harvest was delayed from one to five 
weeks and the effects on soil water storage were oonp:tred. When sub­
surface tillage was delayed one week after harvest the water stored 
was 56 nrn from wheat harvest to soil freezing and 117 mm at the end 
of the fallow period (four-year average) as oonq;:ared with 51 mm and 
107 rnm, respectively when the delay was five weeks . The largest gain 
(63 and 127 nm) in water storage occurred when the subsurface tillage 
was performed both at one week and five weeks after harvest due to 
better weed control . 
Data from seven locations in the Great Plains ( 44) showed 
that on the average , 26 nm rore soil water was available at the eoo 
of a 14-IOOnth fallow �riod with stubble mulch than with conventional 
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tillage . The biggest gain (57 nm) occurred at North Platte, NE and 
the lowest ( 4  nm) at Garden City , Kansas . For two of the seven 
locations water storage was measured for only the spring to fall por­
tion of the fallow period which may have lowered the averages over 
all locations. Good and Smika (37) fOWld that the average amount of 
available soil water at the eoo of fallow was 236 nm with no-till and 
173 rem with subsurface tillage at Akron, Colorado during the period 
1970 to 1 97 8 .  At Sidney , Nebraska ( 33) the average water gain a t  the 
end of fallow was 260 nun, 181 mm, and 160 nm to a depth of 1 .2 to 1 .  8 
neters with no-till ,  subtill , and ba�e fallow, respectively , from 
1970 through 1977 . The correspoooing fallow efficiencies ( 52% ,  46% , 
and 41% ) were above those usually obtained in the Great Plains, eSI=e­
cially with bare fallow. Greb et al . ( 44) estimated the average soil 
water storage efficiency of different fallow methods at North Platte , 
Nebraska and Akron , Colorado . The results for North Platte , Nebraska 
were as follows : 
Fallow 
till age eystesns 
MAX TILI..AGE 
Plow & harrow 
Disc & rodweeder 
or harrow 
STUBBLE l«JJIi 
SWeep and Rodweeder 
MINIMUM TILLAGE 
Fall application of 






















Herbicides only 1 962-1977 0- 1 45-55 
Fallow efficiencies were sanewhat lower at Akron, Colorado 
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excluding the no-till system �ich had similar estinated fallow ef­
ficiencies at both locations. These results show a ooubling in fal­
low efficiencies fran maxinum tillage to no-till systems. Every til­
lage qeration can result in a loss of 5 to 8 nm of water by evapora­
tion (37) , and so the rore mixing and stirring of the soil, the larg­
er the evaporative losses (33) • 
Black and Power (10) evaluat� the effects of chemical and 
mechanical nethods of fallowing at Sidney , Montana from 1 956 to 1964. 
'!bey found that neither complete chemical fallow (no-till) nor conr 
binations of chemical and tilled fallow nethods resulted in roore 
rooisture oonserved than conventional stubble-mulch fallow. During 
six 21-roonth fallow periods (spring wheat) , fallow efficiencies rang-
ed fran 21 .7% to 34 .2% and averaged 26 .4% for all nethods . Black and 
Power indicated they encountered problans in developing a chemical 
fallow system which probably accounted for the lack of significant 
differences fran other nethods . However , they did find that of the 
roisture stored, 76% was stored during the first winter , 11% during 
the Sl.1Il11Ier of fall<*, and 13% during the seoom winter. A SUimllary by 
Haas and Willis (50 )  of data collected at Mandan, North Dakota from 
1915 to 1954  showed 85% of the water stored during an entire (bare) 
fallow had accumulated by July 1 of the first year . Conservation of 
water over the secord winter of fallow averaged 0 .5 mm. 
A study was initiated at North Platte, Nebraska (78) to 
evaluate fallow efficiency in a three-year winter wheat-sorgh� 
fallow rotation and a two-year winter wheat-fallow rotation. In the 
three-year rotation, soil water gain was 223 mm at the end of the 
fallow period with no-till, and 186 mm with conventional tillage . 
Storage efficiencies were 42 .4% and 35 .4% respectively, and rore 
available water was present in the upper 60 em of soil with the no­
till system than with tillage . In the two-year rotation, soil water 
gain at the end of the 14-ronth fallow period was 325 mm with no-till 
and 238 nm with stubble mulch, corr��poooing to fallow efficiencies 
of 43 .7% and 32. 0% r�ctively . More water was stored under no-till 
fallow to a depth of 2 .4 meters . Most storage occurred over winter 
and spring for both the tilled and no-till treatments . From wheat 
harvest to soil freezing, only treatments with tillage lost water 
while the no-till treatments gained a significant amount ( 58 mm) over 
the same period (78) . However ,  from early stmli'Cer to the end of fal­
low , tillage treatments gained significantly trore water ( 40 to 50  rrm) 
than the no-till treatment . At the beginning of this period, the 
soil profile had gained 320 mm of water under no-till and 130 to 140 
mn under the plCM treabnent. The greater soil rooisture under no-till 
might be the explanation for roore water loss over the sl.liilner .  
Similar results were obtained with the three-year rotation except 
that all treabnents lost nearly equal amounts of water over the sum­
ner of the fallow period (78) • 
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Wicks and Smika (93 )  averaged 14-month storage efficiencies 
over six years at North Platte, Nebraska . They were 23% with the 
plow treatment , 32% with stubble nulch, 37% with mininun tillage , and 
43% with no-till. Most water storage occurred in all systans from 
April 14 to July 3 .  OVer winter , the mininum and .no-till treatments 
gained roore water than the stubble mulch treatments. The differences 
in winter water storage were due to snow entrap�ent by standing stub­
ble in these treatments. The plow treatment lost 44 nm of water from 
wheat harvest to November 4 while the no-till treatment gained 34 nm .  
However , from July 3 to September 14. of the following year , the plow 
treatment gained 12 mm of water , and at the same tine the no-till 
treatment lost 18 mm due to a higher water content at the beginning 
of this �riod .  For the 14-IOOnth �riod ,  146 rom, 203 mm and 27 4 mm 
of water were gained by the plow , stubble mulch, and no-till treat­
ments , respectively (93) . 
At Bushland, Texas , Unger et al . (86 )  obtained water storage 
efficiencies of 14 to 24% for treatments with tillage only and 39% 
for minillllill and no-till treatments from July 1968 to May 1969 of the 
fallow period. 
Standing stubble generally allows rore water storage by snow 
entrapnent. Kirkland and Keys ( 56 )  cornp:lred several rrethods of snow 
and rooisture oonservation in west-central Saskatchewan over a 1 6-year 
period. They found that standing stubble in a continuous wheat 
rotation was the JOOst effective practice , conserving 50 to 60 nm roore 
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xooisture than bare fallow. Smika et al. ( 77) found, during a 4-year 
study, that 80 to 140% of snowfall precipitation was stored in the 
soil by allowing wheat stubble to stand through the winter mnths. 
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An average of 52 nun of available soil roisture was stored over the 
winter period. By contrast, an average of 3 nun of soil roisture was 
lost over the same period when wheat stubble was incorporated into 
the soil after harvest. Greb (39) reported that an average of 53% of 
the .snowmelt was stored by standing stubble at Akron, Colorado during 
a 16-year period. Greb ( 40) later estimated that 35 to 55% of water 
recharge during fallow in undisturbed wheat stubble was from 
snowmelt. 
The efficiency of fallowing in storing and conserving water 
has increased substantially since the 1900's. Fallow efficiencies as 
low as 15% (66) and as high as 50% (33) were reported in the litera­
ture. The increase in fallow efficiency has been the result of im­
provements in fallow nanagement in five areas: 1) tillage freQUency 
- the number of tillage operations has been reduced thus reducing 
water losses by evaporation; 2) depth and nature of tillage - deep 
plowing and clisking have been replaced by tillage with subs urface inr 
plements. The result has been less soil disturbance and IOOre crop 
residues maintained on the soil surface, thus increasing water in­
filtration and reducing evaporation; 3) timing of tillage - while no 
tillage was perforned until the spring of the fallow year, 
experinental results have shown that subsurface tillage as early as 
possible after harvest oould save additional water by eliminating 
and/or slowing down early weed growth ; 4) weed control - the market 
availability of new and roore efficient herbicides has reduced the 
need for tillage to oontrol weeds, thus helping save more water; and 
5) snow entrggnent - additional misture oonservation has been 
achieved due to an increase in the amount of snow tra�d when stub­
ble is allowed to stand through the winter roonths .  
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How essentic;U is fallowing now that no-till technology has 
greatly increased soil water storage? Could continuous cropping of 
spring and/or winter wheat have a place in South Dakota after the 
many in'provements in fallowing have been made? May winter wheat be a 
viable alternative to spring wheat in central and northern South 
Dakota? Experiirental data to answer these questions are unfortunate­
ly scarce . After about 1 970 much of the research on oontinuous wheat 
ended while many i.Irprovements in equipnent and water oonservation 
techniques have occurred. 
Early data from research on reduced tillage in the Great 
Plains has shown that a substantial amount of surraner rainfall can be 
stored in the soil during the short period between harvest and seed­
ing in continuous wheat , after soil rooisture had been depleted by the 
previous crop ( 66) • Research has · also shown that JOOst water storage 
during a longer fallow period occurs over winter and spring of the 
first year and that • tubble contributes substantially to water 
storage by increased snow catchment (45,93). Another inp:>rtant 
fi.OOing is soil noisture remains near the surface under IlUllch 
(13, 78) • 
Several studies have shown significantly high correlations 
between soil roisture content at seeding time and wheat yields 
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(2 ,4 ,7 ,10,56). Adequate rooisture is necessary for pranpt. germination 
and good seedling establishment which for winter wheat , reduces the 
risks of winterkill and increases the chances of obtaining a good 
yield. 
2. Grain Yields 
Lindwall and Anderson (58) COillpired eight SUII1Iler-fallow 
methods for spring wheat production at Lethbridge , Alberta from 1968 
to 1976. Yields averaging 2104 kg/ha were achieved when using her­
bicides with no fall tillage (blade) as compared with 1809 kg/ha when 
only blade tillage was used. Combinations of herbicides and tillages 
had yields falling between the two extremes . Complete chemical fal­
low (ncr-till) yielded an average of 1979 kg/ha or slightly less than 
herbicides with a fall tillage. 
Smika (76) compared grain yields of winter wheat grown after 
bare fallow and after stubble mulch fallow at several locations in 
the central Great Plains. Yield averages over eight locations and 42 
crop-years were 2150 kg/ha with stubble nulch fallow and 1280 kg/ha 
with bare fallow . In all locations, wheat yields with the stubble 
111llch fallow system were at least equal to those with the bare fallow · 
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system. Good and Smika (37) estinated that winter wheat yields would 
increase by an average of 340 kg/ha for each additional 25 nm of 
available water above 203 nm. 
Greb and Zi.rrdahl ( 46) reported ten year (1968 to 1978) 
results on winter wheat at Akron, Colorado showing that wheat grain 
yields averaged 2315 kg/ha under oonventional spring tillage fallow 
and 2810 kg/ha on combination tillage/herbicide fallow (ecofallow) • 
Adequate weed control by subsurface tillage and herbicides allows 
more water storage and generally results in higher yields . Greb et 
al .  (42,43) reported that sweep tillage within 10 days after harvest 
stored 13 mm roore water and accumulated 19 kg/ha 100re oo3 -N than ini­
tial sweep tillage in the spr ing . This , in turn , resulted in an an­
nual average of 200 kg/ha roore wheat yield over four crop seasons. 
Similar results were obtained by Srnika and Wicks (78) at North 
Platte , Nebraska . Greb et al. (44) reported the results of experi­
nents with stubble mulch , minimum tillage and no-till fallow systems 
at North Platte , Nebraska and Akron, Colorado. 
Results fran North Platte , Neb. (1963-1969) : 
Fall Weed Soil Water 
Olntt:Ql �t:eannenta Gain 
-nm-
Check , spring plow 146 
Fall sweep , single 203 
Fall sweep , Atrazine 215 
Contact herbicides , fall 
sweep, and Atrazine 237 
Contact herbicides plus 
Atrazine (ncrtill) 274 
Results from Akron, Coloracb (196� 1972) : 
Check, spring disk 
fall sweep, single 
fall sweep, double 


















'lhese results show that the suppression of fall weed growth by sub-
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surface tillage or herbicides , or by a coni:>ination of both , increased 
soil water storage and wheat yields . 
At Swift CUrrent , saskatchewan (6) , three-year average winter 
wheat yields were 2000 kg/ha with n<rtill, 1730 kg/ha with miniiiili'll 
tillage , and 1400 kg/ha with conventional tillage. The yield dif-
ferences reflected the degree of winter injury \ltlich occurred in win­
ter wheat seeded on frllow due to differing amounts of snow on the 
treatments. At Sidney, Nebraska , differences in winter wheat yields 
between no-till ,  subtill , and bare fallow were significant at the 10 
percent level five out of eight years ( 33) . The yields averaged 
2580, 2500, and 2440 kg/ha with no-till , subtill ,  and bare fallow , 
respectively, over the eight-year period . When years with hail 
damage or ineffective weed control in no-till fallow were omitted 
from the analysis ,  there was a consistent advaptage of about 200 and 
350 kg/ha for no-till over subtill and bare fallow , respectively. 
Thes� yield increases were directly related to soil water stored 
during fallow . 
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These results and others show that generally higher wheat 
yields are obtained with no-till and subtill fallow systems than with 
bare fallow in the northern and central Great Plains. The prinary 
reason for these higher values is increased soil water storage during 
fallow and/or less soil roisture lost due to tillage as a result of 
m:>re efficient weed control and irrproved straw nanagement.  However , 
with winter wheat production , less winter injury nay occur due to 
protection from stubble and snow resulting in better survival and 
higher yields . 
B .  Effects of Tillage Implements on Crop Residue Burial 
There are three basic types of tillage implements used in 
fallow management and field preparation for cropping (29,100): 
1. inyerting iuWzenents which oonsist of noldboard and 
inclined disc plows , 
2 .  stirring and mixing inplements such as one-way discs , 
tandem discs , offset discs , chisel plows , mulch 
treaders , field cultivators ,  rotary hoes , etc . and ,  
3 .  subsurfaCE tillage inplements which include : 
a .  straight-blade inplaoents ronsisting . of a single 
blade 15  to 20 em wide , 
b.  swee;> i:aplanents with V-shaped sweeps that cut 
7 to 15  em below the soil surface and , 
c.  rodweeders which consist of a square or round 
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rod revolving backward under the soil surface . 
These are used for weed oontrol and seedbed pack­
ing. Rodweeders can be equi�d with semi-chisels 
or small sweeps. 
Woodruff et al . ( 100) sumrrarized the results of several ex-
perimants concerning the effect of tillage on crop residue main­
tenance . The average percent of wheat residues maintained on the soil 
surface was 90% after subsurface tillage with blades ,  sweeps or plain 
rodweeders , and 85% when the rodweeders were equipped with semi­
chisels. Seventy-five to 80% of wheat stubble remained on the soil 
surface after one p:t.ssage of a heavy-duty field cultivator and only 
50% remained after disking . The range in these values was quite 
variable and was attributed to differences in pre-tillage residue 
amounts , height of stubble , its orientation and positioning before 
tillage , and to other variables such as SFeed and depth of o�ration 
( 100) • Unger and McCalla ( 87) reported similar results and added 
that after roldboard plowing , less than 10% of the wheat stubble and 
residues were retained on the soil surface . Good and Smika (37) 
found also that 90% of the wheat stubble remained after chisel or 
V-sweep plowing. 
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'!be effects of several tillage sequences on residue 
maintenance were studied by Fenster et al . ( 29) at Alliance , Nebraska 
over a thr�year period. After one-way disking , 55% of about 4032 
kg/ha of wheat stubble renained on the soil surface , but only 3 9% 
renained after a secord one-way disking . When these two operations 
were followed by passage of 80 em V-sweeps , a }ligher percentage ( 43% ) 
of the initial amount of wheat stubble was recovered on the soil sur­
face. Evidently , sane of the buried residues were returned to the 
soil surface by the V-sweeps ( 29) • Similar results were obtained 
with three other tillage sequences where disking was followed by sub­
surface tillage . Fenster et al . also studied residues renaining on 
tilled treatments with varying initial amounts of residue and differ­
ing stubble heights . The �rcentages of stubble remaining on the 
soil surface after each tillage sequence were higher with the smaller 
amounts of residues . The relationships between stubble height , 
residue amount, and tillage sequence were not clearly established . 
The average �rcent reduction in wheat stubble at the end of 
a 1 4-month fallow period for winter wheat was 21% with no-till , 75% 
with subtill ,  and 94% with oonventional tillage from 1971 through 
1977 at Sidney, Nebraska (33)  • Bare fallow plots were tilled with a 
rooldboard plow in the spring followed by three operations with a 
field cultivator and one or two operations with a rota� rodweeder . 
'!he subtill plots were tilled three tines with 150 em V-blades and 
twice with a rotary rodweeder. Wicks and Srnika ( 93 )  found higher 
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percent reductions in similar treatments of wheat stubble at the end 
of 14 mnths of fallow at North Platte , Nebraska . They reported 
average reductions from 1 96 3  through 1966 of 54% with no-till fallow , 
79% with stubble mulch fallow , and 100% with bare fallow . Although 
research on amounts of residue remaining after 21 ronths of fallow 
was not found in the literature , it can be assumed that reductions in 
no-till and stubble mulch fallow would be even greater in this 
system. 
Straw buildup in the soil was the object of a study by Greb 
et al . ( 41 )  at several locations of the Great Plains. The percent 
of wheat straw ( 3360 kg/ha initially) recovered in the 0 to 7 .6 em 
depth · at the end of three fallow-wheat cycles was 43% at Akron, 
Coloraoo 1 30% at North Platte , Nebraska;  and 28% at Sidney , Montana . 
'!be lower percent recoveries at North Platte and Sidney were due to 
additional straw incorporation b¥ disking sometime during the fallow 
season. At Bushland , Texas oontinuous wheat retained 1710 kg/ha more 
soil straw than did the wheat-fallow rotation ( 41 ) . 
Several factors affect stubble maintenance on the soil sur­
face . Among them and probably the rost in'p:>rtant is the nature and 
sequence of tillage operations . With mldboard plow , nearly all 
wheat stubble is buried beneath the soil surface while a high per­
centage remains on the surface when V-type sweeps and chisel plows 
are used. Other factors include stubble amount and height , speed and 
depth of tillage operations and length of the fallow period. 
C.  Effects of Crop Residues 
1 .  SOil Water Evaporation and Storage 
Lenon (57)  divided the process of water evaporation from the 
soil into three stages . The first stage is that of rapid , steady 
state loss when capilla� flow to the soil surface is sufficient to 
meet evaporative demand of the above ground enviromnent .  The above 
ground conditions which control the capilla� flow rate of water to 
the surface are : windspeed, tanperature, relative htmli.dity , and 
radiant energy . During the second stage , evaporation decreases 
rapidly as the soil dries . Physical and chemical characteristics of 
the soil control the rate of water rovanent to the surface while 
above ground conditions have little influence . The third stage of 
drying is one of ve� slow rates of loss and is c:bminated by adsorp­
tive forces at the liquid-solid interface . 
26 
Acoording to Lemon ( 57 )  , the greatest potential for decreas­
ing soil water evaporation lies within the first two stages . He sug­
gested three nethods for reducing evaporation: 1 )  by decreasing tur­
bulent transfer of water vapor through the atmost;here, 2) by decreas­
ing capillary continuity , and 3)  by decreasing capillary flow and 
water holding capacity of soil surfaee layers . The first method can 
be achieved by increasing soil surface roughness , by nulching or 
windbreaks . Capillary continuity can be "broken" by tillage , and 
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misture holding capacity of the surface soil layers can be decreased 
by using chanica! surfactants { 92) • 
In a series of laboratory experiments , Bond and Willis 
{15 ,16 ,17) studied the effect of several rates (fran 0 to 1720 kg/ha 
in 560 kg/ha increnents)  of wheat straw on soil water evaporation. 
The rate of evaporation dur ing first stage drying decreased with in­
creasing rates of surface residues . However , cumulative evaporation 
was nearly equal after prolonged drying . As evaporation potential 
increased { 4 .7 �day to 13 . 4m mm(day) , .the rate of evaporation also 
increased. With increasing evaporation potential , greater rates of 
surface residue were necessary to maintain the first stage of drying 
throughout each trial (15) • SOil water oontent in the 0 to 40 ern 
depth was similar with 0 to 4 480 kg/ha surface residues , about 2% 
higher with 8960 kg/ha, and 6 to 8% higher with 17,920 kg/ha. The 
percent reduction in first stage evaporation increased rapidly, from 
0 to about 75% ,  as residue rate increased from 0 to 4480 kg/ha , and 
very slowly thereafter . After one 100nth of drying , evaporation . was 
reduced significantly with only the three highest residue rates which 
were 4480 , 8960, and 17,920 kg/ha { 17) . 
These results indicate that , except for very high rates , the 
effect of surface residues in decreasing soil water evaporation will 
not last for long. 'Ibis confirmed what Russel (75) had already 
stated, "Mulches oonserve water in periods of frequent rains but are 
of little value during extended dry periods" . Gardner {36) suggested 
that surface mulches may have little long-term advantage over a bare 
soil unless low evaporation rates allow a time lag for deeper 
percolation of water . 
The effect of nulches in reducing evaporation is significant 
as long as the soil surface ranains wet (7 ,8  ,85) . Arnw et al . ( 7  ,8 )  
�bowed that plant residues greatly reduced the rate of drying of the 
surface soil layer , but that thei r  effect decreased with increasing 
depth . 
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Data from three locations in the Great Plains showed sig­
nificant increases in water storage during the 14-ronth per iod with 
increasing initial wheat residues (0 to 1 0 ,000 kg/ha) ( 42 ) . Most 
water gain occurred over spring and 70% of it was stored below the 6 1  
an depth at each of the three locations. Black ( 9) estinated that 
every metric ton of surface residue would increase water storage by 5 
nm. 
Maintenance of both water infiltration and storage is depen­
dent on residue distribution and orientation ( 89) • Uniform distr ibu­
tion of residues on the soil surface leads to better water conserva­
tion than when residues are concentrated in strips (89 ,95 ) . 
Incorporating the residues in the soil could be less effective in 
reducing evaporation than if the residues are left on the surface . A 
study by Unger and Parker ( 88) showed that a layer of residues j ust 
belCXrJ the soil surface reduced evaporation by 19% as COI11F6red with 
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residues mixed uniformly with the soil . However , M1en the same 
amount of residues ( 11 ,000 kg/ha of wheat straw) was left on the soil 
surface , the reduction in evaporation was 57% greater . 
2 .  Soil Temperatures 
SOil temperature is influenced by geographic location, amount 
and type of crop residue , soil water , and type of cultivation. Unger 
( 84)  and Van Doren and Allmaras (89) sl.llTinarized the effects of crop 
residues on soil temperature . They agree that the addition of crop 
residues to a soil generally reduces its temperature, as compared 
with bare soil , during warmer months and will cause it to renain 
wai'I'lYar during cooler roonths . The average daily reduction may be as 
much as 2 C at a 1 0  ern depth . The temperature difference between 
mulched and unmulched (bare) soil is greatest with bright colored 
residues , then decreases as the residue ages , due to a decrease in 
the albeoo ( 84) . '!he insulating effect of crop residues causes 
smaller diurnal and seasonal soil temperature amplitudes than in bare 
soil . Cooler soil temperatures in summer and warmer temperatures in 
winter were generally observed ( 1 ,2 ,48 ,53 ,68) . Jacks et al . ( 53 )  
reported that mini:rrurn winter tanperatures at the 5 ern depth were -2 .7 
C under a 7 .6 ern peat mulch , -4 . 4  C under a 7 .6 em straw IIll ch , 0 C 
under 12.2  ern of snow and -16 .6 C in bare ground. McCalla and Arley 
( 67) found that t�rature fluctuation for plowed treatments was as 
rruch as 3 .3 C greater than stubble mulched treatments. Aase and 
Siddoway ( 2) investigated stubble height effects on soil temperature 
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at Sidney , Montana and found that during an "o�n winter" (no 
snowfall) standing stubble per se influenced soil temperatures in 
that temperatures at the 5 ern depth in standing stubble were between 
4 and 5 C above those in a bare soil . This is in disagreenent with 
the oonclusion of Willis et al . ( 99) who stated that standing stubble 
in the absence of snow had no apparent effect on rate or depth of 
soil freezing . However ,  Willis et al. used weekly rather than daily 
rceasurenents which coulo account for the difference . The rooderating 
influence of standing stubble , with and without snow , on soil tan­
�ratures was also documented by Aase and Sidooway ( 2) • '!be in­
fluence of three standing stubble heights ( 0 ,  19 , and 35 em) in the 
absence of snow , resulted in soil ten{:eratures on bare soil reaching 
-16 C at -22 C ai r temperature while soil temperatures under stubble 
heights of 1 9  and 35 ern reached -16 C at -27 C and -28 C air tempera­
tures res�cti vely . The authors indicated that the presence of 
standing stubble also reduced wind movanent and the chill factor near 
the soil surface , reducing the likelihood of winter injury or win­
terkill of winter wheat ( 2 ) . 
3 .  Winter Wheat Stand Establishnent and Survival 
Establishment of winter wheat is dependent on many factors 
such as tirce , rcethod and depth of planting , level of soil fertility , 
and moisture available at seeding titre (38)  • Of these , soil roisture 
is most likely to influence establishment of winter wheat stands . At 
Dickinson, North Dakota, dry soil conditions in the fall plus the 
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severity of winter were major reasons for winter wheat failure ( 21)  • 
Stoa ( 82 )  indicated that the environment for winter wheat production 
in North Dakota was not very favorable and that stubble seeding gave 
good results for survival , but dry soil was detr i.Irental to stand 
establishment . 
The effects of crop residue management on soil moisture 
storage and the amelioration of soil temperatures have been discussed 
previously and can be related to establishment and survival of winter 
wheat. Several management practices are available for protection of 
winter wheat and sane of these inclu& : seeding with deep furrow 
drills , seeding in standing stubble or no-till , and seeding between 
wind barriers of various types ( 1  ,2 ,3 ) . All of these provide protec­
tion to some degree and help manage snow to keep it in place for fur­
ther protection. 
Boatwright et al . ( 14) indicated that the crown node is the 
JOOst critical plant organ , affecting the translocation of nutr ients , 
leaf elongation, and dry matter production. Destruction of the crown 
tissues results in death of the plant ( 14 ,35 ) . Aase and Sidooway ( 1) 
in a review of the literature, suggested that lethal temperatures for 
winter wheat are difficult to identify and define in field survival 
studies . The hardening process ,  hardiness levels , length of exposure 
to low temperatures , freezing and thawing history , rate and duration 
of freezing , as well as cultivars , seed size, seeding depth , etc . are 
all inp:>rtant and affect minimum kill temperatures (1 ,2 ,3 ,14  ,35 )  • 
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Well hardened plants may withstand crown-depth soil temperatures of 
-20 to -22 C ;  less hardened plants may die at -14 to -16 c ( 2 ,3 8 ,47) . 
Aase and S idooway ( 1) coooucted research at Sidney, Montana 
with the use of a deep furrow drill.  They found that on bare soil 
with no snow , soil temperatures at the crown level were -16 C when 
the air temperature was -22 c .  With a snow cover of 6 t o  7 ern (snow 
in the furrow) , the soil temperature remained al:x:>ve -16 C as the air 
temperature dropped to -35· c.  With a further increase of snow cover 
to 15 to 17 em, the soil temperature reached only -11 C as the air 
temperature decreased to -35 c .  During their study, soil tempera­
tures were never bel� -16 c and as determined by plant stand count 
in fall and spring, winter survival of Roughrider was 100% . On 
similar soil , about 400 meters away , Roughrider and other cultivars 
seeded with a disk dr ill were completely killed . No means had been 
provided for snow catch or protection and the field was swept free of 
snow . The advantages of furrows for snow catch and increased yield 
over flat seeding have also been demonstrated by Alessi and Power 
( 4) • 
Standing stubble alone (no snow) influenced soil temperatures 
in another study by Aase and Sidooway ( 2) . During a cold period , 
temperatures were 4 and 5 c above those on bare soil . The presence 
of stubble reduced wind roovement and the chill factor near the sur­
face, reducing the likelihood of winter kill . Other research at 
Sidney , Montana showed wind passage at 9 em above ground level was 
1 .6 and 5 .5 tines greater over bare soil as compired with that over 
short ( 19 an) and tall ( 35 em) stubble , respectively ( 2) • 
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A direct effect of reduced wind movement in standing stubble 
as compared with bare soil is the increased retention of snow in 
stubble . By keeping snow in place , as nuch water can be gained from 
harvest until the following spr ing as during a complete crop-fallow 
sequence { 3  ,12 ,50)  • Aase and Sidooway { 2) showed that tall stubble 
( 35 em) collected 3 . 6 tines as nuch snow (equivalent to 2 . 5 times as 
ruch water ) as did the bare treatment from a late winter snow storm. 
The insulating effect of snow in stubble also was shown by warmer 
soil temperatures in taller stubble as compared with short stubble 
and bare ground . Although the insulating effect cannot guarantee 
survival , it can help winter wheat survive through many critical 
periods . South Dakota research indicates that at least 1 90 0  kg/ha of 
residues are necessary to protect against soil moisture loss and trap 
snow { 74) . 
4 .  Production of Phytotoxins and Effects on Plant Growth 
In many p:trts of the United States , phytotoxicity associated 
with crop residues left on or near the soil surface frequently 
reduces growth and yields of the next crop as conq;2red with those 
when residues are removed or when conventional tillage is used. 
McCalla and A.rJey { ) i.OOicated in 1961 that the yield reduction 
problem with stubble mulch tillage was likely residue related because 
wheat yields were more frequently decreased as annual precipitation 
increased. Synpt.ans of plants af fected by phytotoxins include 
reduced tillering , shortened internodes , leaves corkscrewing , 
chlorosis , shrunken grain and small heads , and reduced yields 
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(19 ,20 ,25-28 ,49 ,55 ,60-64 , 6 9-73 , 83 , 90 ,91 ) . Kimber (55 )  and McCalla 
and Haskins ( 70 )  stated that poor growth resembled nitrogen def icien­
cy but was not rorrected with nitrogen applications . Reduced yields 
have been attributed to toxic compounds leached from crop residues 
and/or to microbial production of toxic compounds during residue 
deromposition ( 26 )  • 
In the Pacific Northwest , Cochran et al . ( 20) found that 
water extractable phytotoxin activity and production were cor related 
with the ease of substrate decomposition and occurred only dur ing 
periods of cool , wet weather when air temperatures were 15 C or less.  
'lbey studied phytotoxin production from �a , lentil , winter wheat , 
ba�ley , and bluegrass residues in the field dur ing the cool , wet fall 
of 1975 to spring of 1 976 . When residue amounts of any of these 
crops were high , wheat anergence was poor , tillering was reduced and 
plants lacked vigor . Cochran et al . also observed that winter wheat 
produced elevated crowns , sanetines as much as 3 ern above the soil 
surface , in high residue areas . The authors indicated that high 
crown set would allow direct root contact with · the decomposing crop 
residues and any phytotoxins produced and provide a poor root 
envirorunent during drought periods . It could also predispose plants 
to inj ury b¥ certain soil active herbicides and to winter injury or 
winterkill.  
35 
In wet autumns in the United Kingdom, establiShment of winter 
cereals by direct drilling through residues has also resulted in poor 
plant establishrrent and reduced crop yields (61-64 ) . Over a seven­
year period ,  Oliphant ( 73 )  found that the average yield of direct­
drilled winter wheat was 13% less in stubble than after burning all 
residues and 27% less in the presence of chopped straw and stubble . 
After a shallow ( 7  ern) tillage , the oorresponding figures were 8 and 
20% less , respectively . Oliphant attributed these yield reductions 
to establishlrent problems resulting in up to 50% fewer plants that 
were less vigorous . Plowing the straw under resulted in slightly 
lower yields than burning . He also indicated that for all nethods of 
tillage or with direct dril ling , the effects were more pronounced in 
wet oonditions . 
Laboratory incubation studies using wheat straw slurries were 
perform=d by Lynch ( 62 ) , Tang and Waiss ( 83 ) , and Wallace and Elliot 
( 90 ) . Results indicated that the phytotoxins acetic ,  propionic ,  and 
butyric acids were produced and concentrations were largest at 2 0  c .  
Acetic acid was produced in the greatest quantity and was considered 
to be the phytotoxin of concern .  Lynch ( 64)  discovered that acetic 
acid significantly restr icted the extension of barley roots in con­
centrations of 15 nt-'1 at pH 6 .5 and 7 rrM at pH 3 . 5 . The greater 
effect at low pH occurs because the acid is associated and therefore 
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soluble in th e  lipid oorrp>nents of the root membranes . Propionic and 
butyric acid are potentially mre toxic , but low concentrations have 
been found ( 64) . However , wallace and Whitehand ( 91 )  showed that 
mixtures of short chain fatty acids (acetic ,  propionic ,  and butyric)  
caused a �ergistic phytotoxic effect on wheat seedlings . 
Residues from several species have provided substrates for 
the formation of acetic acid in potentially growth inhibitory con­
centrations ( 49 ,63) . In ext:er�nts under controlled field corrli­
tions in Australia , I.Dvett and Jessop ( 60)  found that residues of a 
range of crop plants restricted germination and growth of the ooleop­
tile and seminal roots of wheat. 
Lynch ( 64) indicated that in the field , the coocentration of 
the acids produced in the soil is likely to vary with the distribu­
tion of the decaying residues since the effects on root and shoot 
growth vary depending on the proportion of the root system that is 
exposed and the ooncentr ation of the acid . The concentration of 
acetic acid declines rapidly with increasing distance from the straw , 
decreasing by half in 1 .5 em, since the acid does not diffuse readily 
into the soil ( 64 ) . 
Recent studies ( 1982 )  by Cochran et al . ( 19)  were coooucted 
to determine the effects of short-chain fatty acids on wheat seedling 
growth and tillering . Results showed that short-chain fatty acids 
inhibited root and shoot growth of seedling wheat when all roots were 
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exp::>sed to the acid , but when only one root out of three was exposed , 
they were unaffected. This inhibition of root growth was temporary 
because when the seedlings were exposed to the acids for three days 
and transplanted to a non-acid rrediurn, root growth generally caught 
up with or exceeded control root growth four days after transplant­
ing . However , when shoot growth inhibition occurted, it was gener­
ally permanent . Exposure to 1 0  mM concentration of acetic acid for 
four days resulted in the failure of 3 0% of the plants to develop T1 
tillers . The T2 tillers appeared normally , but the authors suggested 
that repeated or extended exposure to acetic acid could be expected 
to inhibit T2 tillers , also . The results indicated that exposure to 
acetic acid pe rmanently influenced tiller formation and shoot growth 
while root growth did not appear to be permanently affected as 
thought previously . The loss of early tillers and shoot growth has 
the potential to reduce tillering and grain yields more than the loss 
of later-forming tillers . Consequently , even though short-chain fat­
ty acids may be present in field soil intermittently , and for br ief 
periods of tine , they have the potential to reduce grain yields 
through permanent inhibition of shoot growth and disruption of till-
ering ( 19) • 
McCalla and Nordstadt (72)  investigated phytotoxic relation­
ships in Nebraska and found that numbers of a patulin producing bac-
terium, Penicillium urticae Bainer , in the soil increased with visual 
symptoms of phytotoxicity to winter wheat planted in stubble mulched 
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fields . In greenhouse studies , after 11 days of incubation , up to 50  
rng/kg patulin were isolated from wheat straw from a simulated mulch 
tillage . Patulin is a potent phytotoxin and to reduce shoot growth 
of wheat test plants by 5 0% ; 20 , 20 , and 75 rng/kg of patulin were 
required in solution, sand , and soil cultures , respectively . Patulin 
was produced from wheat straw early during the residue decomposition 
process , was most toxic after four weeks of decomposition, and per­
sisted for a total of eight weeks ( 71)  • McCalla et al . ( 69)  showed 
that the phytotoxin affected wheat germination as well as seedling 
root and shoot growth and when the toxic extracts were autoclaved , 
toxicity decreased , indicating the compounds involved were somewhat 
heat labile . Ellis and McCalla ( 28)  found that p:1tulin can affect 
any growth stage of wheat plants . They showed that shortening of 
specific wheat plant internodes and effects on seed production were 
dependent on the timing of patulin application near the roots. 
Cochran et al .  ( 20 )  suggested keeping crop residues out of 
the seedling row when seeding in heavy crop residues ,  thereby mini­
rnizing phytotoxic effects on the seedling . 
D .  Influence of Tillage Systems on Weeds 
Tillage is the traditional and most effective method of weed 
control .  Weed seeds germinate in response to tillage or lack of it , 
and the weed population will vary depending on the amount and type of 
tillage carried out ( 23 ) . Chancellor ( 18) , working in England , found 
that weeds could be grouped into three response groups depending on 
how germination of the species respoooed to the amount of 
cultivation. One group, called the inverse response group, exhibited 
a reduced level of germination when cultivation increased. This 
group included dandelions , sowthistle , and rushes . The arable 
response group showed increased levels of germination when cultiva­
tion increased . Wild radish and roouse-eared chickweed were nent>ers 
of this group. The last group , the interrredig.te response grouP 
produced maximum germination with an intermediate level of cultiva­
tion and included smartweed, annual bluegrass , and comroon groundsel .  
Donaghy ( 23 )  suggested that rost annual weeds in the northern Great 
Plains fall into the interrrediate res'fX)nse group. Weeds wh ich favor 
an undisturbed habitat , such as perennials ,  \\Olld be expected to ger­
minate best under ooooitions of limited tillage . Thus , no-till and 
reduced tillage would support a shift from arable and intermediate 
response weeds to inverse response weeds with a resulting increase in 
perennial weeds . 
Data available from Manitoba ( 22 )  indicated that the first 
shift would be a reduction in the annual weed population, broadleafs 
as well as grasses . Comparisons of no-till versus conventional til­
lage at three Manitoba sites showed that weed populations did not 
differ during the first year of no-till but changes did occur the 
second and third yea r .  Total weed counts during the second and third 
year tended to be lower in no-till but changes in specific weed 
39 
species were more important . Green foxtail was reduced in four 
instances out of six . Wild oats , at two sites with significant wild 
oat problans , were reduced under no-till in both years , with reduc­
tions ranging from 41 to 95% . Wild buckwheat and srnartweed popula­
tions were consistently reduced at two other locations . Perennial 
weeds such as quackgrass and canada thistle increased in the absence 
of tillage over the three-year period ( 22 )  • 
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Lack of spring tillage allows more of the early germinating 
broadleaf weeds such as Pennsy 1 vania smar_tweed , giant ragweed , corraoon 
ragweed , and oornroon lambsquarter to survive ( 94 ) . These generally 
can be controlled by use of a nonselective herbicide at planting 
time . It is possible that the dominant broadleaf weeds may form a 
canopy over srraller grass plants . Once the broadleaf weeds are con­
trolled, the grass weeds may be released to become dominant. Grass 
weeds tend to become more troublesome in continuous reduced tillage 
systems due to herbicide selectivity ( 94 ) . 
Fenster and Furrer ( 31 )  in Nebraska , found that after two 
years of continuous winter wheat , weed infestation was highest with 
moldboard plow and least with no-till and reduced tillage systems. 
Weed p:>pulations consisted rrostly of broadleaf weeds such as corraoon 
lambsquarter , russian thistle , and kochia. Downy brome was the main 
grassy weed present and was found roostly in the no-till plots . Downy 
brome p:>pulations were highly variable but were several times h igher 
in no-till than in tilled plots . G:>od rontrol of broadleaf weeds in 
no-till plots was obtained with herbicides after wheat harvest . 
Downy brome is much harder to control since it has a life cycle 
similar to that of winter wheat. It germinates in the fall  or early 
spring and sets seeds in May or June ( 34) . Fenster and Wicks (34 )  
stated that this grassy weed was likely to become a serious problan 
in continuous wheat , esp:cially with a no-till rnat"'.agenent system. 
They concluded that this rray require leaving the soil in fallow oc­
casionally to reduce oowny brome through tillage , or to rotate wheat 
with other crops such as sorghtnn or millet . 
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!my change in tillage systems has the potential to change the 
weed populations . Decisions to change the system should take into 
account the existing weed problems , weeds in adjacent areas , and the 
potential af feet of the change . The new system should include con-
trol measures to prevent the invasion of weed species which are adap-
ted to the corrlitions being created ( 23 )  • 
E .  Influence of Cropping System and Residue Management on Grain 
Yields 
Fallowing can be j ustified in same areas of the Great Plains , 
but there are many areas where fallow for spring and/or winter wheat 
production cannot be justified for yield increase alone . Much of the 
data reported pr ior to 1 970 indicates that continuous wheat yields 
were generally less than half those of wheat after fallow and that 
greater yield stability was achieved with the alternate wheat-fallow 
systen. The low pe rformance and high incidence of failure of 
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continuous wheat were related to low available moisture at seeding 
( 45 ) . Weed control nay also have been a problem in continuous wheat . 
However ,  roost of these results were found before substantial irrprove­
ments in soil water conservation and herbicide use were achieved . 
Hayes ( 52 )  reported the results of wheat experirrents conduc­
ted at Hays , Kansas . Forty-one years of continuous cropping of wheat 
showed an average annual yield 200 kg/ha higher than wheat grown af­
ter fallow . lbwever , yields were less than 333 kg/ha in 11 out of 41 
years with continuous wheat and only five out of 41 years with wheat 
on fallow . Greb et al . ( 45 )  calculated yields probabilities of con­
tinuous and fallow wheat using data from seven locations in the Great 
Plains . Experirrents at these locations ranged in length from 21 to 
51 years and were terminated between 1945 and 195 8 .  Yields of 672 
kg/ha or m:>re were obtained 66% of the tine with fallow wheat and 
only 37% of the tim= with continuous wheat . The greater risk invol­
ved with continuous wheat was attributed to inadequate levels of 
rroisture at seeding which seldom exceeded 76 mn as COJniBred with 180 
nm or :roore with fallowing . 
Black and Siddoway ( 11 )  evaluated cropping systems during an 
eight-year study in Montana using a tall wheatgrass barrier system to 
collect and hold snow over winter . Continuous cropping sequences in­
side the barrier system stored 99  rmn of water in the soil profile the 
first winter ( 9  roonth) period .  Outside the barrier system, only 90 
nm of water were stored during 21 ronths of fallow . After the f irst 
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winter , soil water in the grass barrier system was nearly double that 
in the area not protected by grass barriers . The additional water 
gained made continuous cropping feasible in the grass barriers in 
each of the eight years . Average grain yields were 3 0 to 6 9%  higher 
for continuous cropping systems than for conventional wheat-fallow. 
Increases in fertilizer use over the past few decades have 
shown reductions in the yield advantage of fallow in many areas 
( 101 ) . Some research has indicated that on a crop-year basis , con­
tinuous wheat yields averaged 75% of fallow yields when fertility was 
adequate . Total wheat production was inversely related to the 
frequency of fallow in the rotation and continuous wheat with 
adequate fertility outproduced wheat grown on fallow by 53% over a 
12-year period ( 32 ) . 
Trials performed in North and South Dakota and Montana have 
shown that unfertilized checks on fallow yield 4 to 60% rcore than un­
fertilized checks in continuous wheat . :a.It , when fertilizer was ap­
plied to the oontinuous system , the percentage increase from nonfer­
tilized fallow was reduced to -24 to 26% . Much of the yield advant­
age of fallow was due to a greater supply of available nutr ients 
rather than greater water storage ( 51 ) . 
Effects of residue management on grain yield are dictated by 
soil moisture oonserved, soil temperatures , soil fertility levels , 
weed oontrol , phytotoxicity and other factors previously discussed . 
In the absence of effective planting equipment and herbicides , 
problans with stand establishrrent and weed control dominated the 
results of early reduced tillage and no-till research. There has 
been continued interest in crop residue influences on yields , but due 
to many improvements ,  greater success is being achieved at obtaining 
comparable or better yields in continuous wheat �-stems versus alter­
nate wheat-fallow cropping . Potential benefits of residues on crop 
production depend on initial soil conditions , soil drainage , 
precipitation and distribution , amotmt , kind , and management of crop 
residues , and the ability to establish a desirable stand and maintain 
satisfactory weed control . 
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CHAPI'ER I I I 
MATERIALS AND ME'IHODS 
A. Site Descr iption 
The study site was selected in northeastern South Dakota , lo­
cated in Spink County at the border between Spink and Clark counties . 
It was selected as being representative of dryland wheat production 
areas in South Dakota (Figure 1 )  • While . located in a major spr ing 
wheat production area , winter wheat is grown with fai r  to good suc­
cess by same producers . This location receives an average of 4 91 rnm 
of precipitation annual ly but it is extremely var iable from year to 
year . The soil series of the study site are a combination of Houdek 
clay loam and Prosper silty clay loam which are dominant soil series 
in eastern South Dakota . The Houdek clay loam and Prosper silty clay 
loam are classified as f ine-loamy , mixed mesic Typic and f ine-loaiY¥ , 
mixed , rresic Pachic , Argiustolls , resp:cti vely . These are deep soils 
and had a similar slope of 2% or less and were located within the 2 . 5 
hectare study area . 
B .  Treatments and Expe rinental Design 
The plot area was established in the fall of 1 97 9  on standing 
barley stubble .  The three tillage systens were no-til l ,  minimtun 
tillage (Noble blade ) , and conventional tillage (plow , disc , plant ) • 
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Cropping sequences consisted of continuous wheat and alternate 
wheat-fallow . Two sets of the latter were established so data and 
yields could be taken each year from a previously fallowed treatment . 
Both spring and winter wheat were included to determine if winter 
wheat survival nay be better in no-till or reduced tillage and also 
to determine if winter wheat may be a feasible alternative to spr ing 
wheat in a major spring wheat production area. Plots 7 . 6 rn X 3 0 . 5  rn 
in size were laid out in a randomized complete block design with four 
replications . This design was chosen so that existing variablility 
would be minimized within blocks and maximized between blocks 
( 5 9  ,81 ) • Replications were divided into three blocks each , consist­
ing of a continuous block and two crop-fallow blocks . All tillage 
treatments and both spr ing and winter wheat were included and ran­
domized within each block . Blocks were randomized within each 
replication. 
C. Conduct of the Expe r inent 
On September 5 ,  1 97 9 ,  the pr inary tillages were pe rformed . 
The rroldboard plow (two-way) was used on the conventional tillage 
plots and inverted the soil , thus burying roost of the residues left 
on the soil surface after harvest . The minimum tillage treatment was 
bladed with a 1 . 8 rn Vee Noble blade with a 45° blade angle. This un­
dercut the stubble and left 90% or more of the residues remaining on 
the soil surface . No-till plots did not receive tillage and were 
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sprayed with 1 .2 1/ha Roundup (glyphosate)  on Septanber 13 to control 
weeds and volunteer grain . 
The rooldl:::xJard plow left a rough surface , so secondary tillage 
was pe rformed on this treatment with a 2 . 4 rn tandem disc with a 
spike-toothed drag attached behind . This was pe rtormed on conven­
tional plots to be seeded to winter wheat . Secondary tillage on 
spring wheat plots was pe rformed by the same rrethod in the spring , 
before planting . 
Minimum tillage after fall 1980 was performed with a 1 . 5 rn 
Vee Noble blade with a 3 0° blade angle to reduce the depth of ope ra­
tion required to maintain the or iginal 45° angle blade unde r  the soil 
surface . Depth of operation with the 3 0° blade was 7 . 6 to 1 0  ern as 
compared to approxirrately 1 5  ern for the or iginal blade . The or iginal 
blade dried the topsoil excessively and caused poorer stand estab­
lishment in the minimum til lage treatment . For the subsequent crop­
ping seasons , all previously mentioned treatments remained the same .  
Fallow blocks maintained much the same treatment as above , 
with the exception that weeds were controlled throughout the fallow 
season within thei r respective tillage treatments . Conventional til­
led fallow was disked when weeds were sufficient to warrant it . 
Minimum tilled fallow was bladed two to four times to control weeds 
dur ing the fallow season . If  weeds were not completely controlled 
with the Noble blade , Roundup was substituted for tillage at a 1 . 2 
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1/ha rate so as to maintain same residue on the soil surface . 
No-til l  fallow weed control consisted solely of Roundup at a rate of 
1 . 2 1/ha to control weeds whenever warranted. 
weed control in cropped spr ing wheat plots consisted of a 
pre-emergence application of Ramrod 4L (propachlor ) at an 11 . 7  1/ha 
rate to control most grassy weeds and a post-emergence application of 
Bronate (Bromoxynil + MCPA) at a 1 .2 1/ha rate to control broadleaf 
weeds . Winter wheat ·plots received an application of Bronate at a 
1 . 2 1/ha rate . If not completely controlled with herbicides , weeds 
were hand-pulled to eliminate any confounding effects . 
All plots were seeded with a 2 .1 m wide modified Noble deep­
furrow hoe dril l . Modifications included the addition of cutting 
coulters to allow seeding in heavy res idues , a fertilizer box for the 
addition of starter fertilizer , and a grain storage box with a wobble 
slot seed dis�nsing system . Winter wheat was seeded at a rate of 84  
kg/ha with 3 3 ern row spicings and was planted between the first and 
fifteenth of September each year . The cultivar Rita was used in 
197 9-81 and Rose was seeded in 1982 and 1983 . Spr ing wheat was 
seeded at 1 00 kg/ha with 23 em row stacings and was seeded between 
the tenth and twenty-eighth of Apr il each year . Butte was the spr ing 
wheat cultivar used in all years of the study . 
Fertilization of winter wheat in the fal l  of 1 97 9  and spr ing 
wheat in 1980 consisted of diammonium phosphate (18-46-0 )  applied 
with the seed dur ing planting at a rate of 4 8  kg/ha.  No additional 
fertilizer was applied to the crop in 1 980 • After harvest in 1 980 
and in subsequent years , all plots were individually soil sampled to 
two feet and then fertilized for a 4034 kg/ha yield goal to prevent 
fertility from limiting yield . Nitrogen fertilizer was broadcast in 
late fall or early spr ing with ammonium nitrate (34-0-0 ) as the 
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source . Diamroonitnn phos{ilate was applied with the seed, as a starter 
in subsequent years , at a rate of 48  kg/ha .  
D. Measurements and Procedures 
Soil water contents were measured in all four years of the 
study . During the establishment year , soil moistures were determined 
in late fall of 1 97 9  and at heading tirre in 1 980 by the conventional 
gravimetric method . Soil samples were taken with a Giddings probe to 
a depth of 1 20 ems and divided into 0 to 15 em, 15 to 3 0  em, and 3 0  
em increments thereafter . The samples were placed in standard soil 
sample cans , weighed , oven dr ied at 1 05 C for 4 8  hours , and 
reweighed . The {:ercent moisture was calculated by the following 
equation : 
Percent water by weight = �t wet weight - Net dty weight x 100  
Net dry weight 
After harvest in 1 980 , moisture contents from 15  em to the 1 20 em 
depth (at 1 5  em incranents)  were determined by the neutron scatter 
method. The neutron probe O{:erates by counting the relative amount 
of hydrogen present in the soil which can then be extrapolated into 
s o  
percent moisture present . The results of this rrethod are very 
similar to those of the gravinetr ic method t.ut are rrore oonvenient to 
obtain. This rrethod is relatively inaccurate for the 0 to 1 5  em 
depth , so oonsequently , gravirretric measurements were obtained for 
this depth . Neutron probe readings were taken in late fall , early 
spr ing , at heading , and post-harvest from fall 1 980 to fall 1 983 in 
all cropped plots in three replications . Fallow moistures were 
reoorded in fall and spring only . 
Soil temperatures were monitored in winter wheat during win­
ter ronths with a carnit>ell Scientific CR-5 digital data-logger .  The 
data-logger was installed during the winters of 1 980-81 , 1 981-82 , and 
1 982-83 in two replications . Thermocouples were installed in al l 
tillage treatments and both continuous and wheat-on-fallow plots and 
were oonnected to the CR-5 tmit . Measurements were made at the crown 
level ( 5  em depth ) , 15  em ,  and 6 0  em depth . The data-logger recorded 
the average of four readings at each depth in each plot on an audio 
cassette tape and a p:tper-tape pr intout for backup. The audio cas­
sette was interfaced with a Hewlett-Packard cassette-drive CRT ter­
minal with printer for data processing . Temperatures were monitor ed 
to determine an approximate date or period of time when winter wheat 
may have been inj ured or killed and at what temperature this may have 
occurred.  
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A visual estimation of stand establishment in winter wheat 
was made in late fall before freeze-up and again in the spring after 
warmup. The fall estimation was usually based on wheat seeded on 
fallow , which was normally a 1 00% stand . Stands in continuous plots 
were based on this 1 00% rating and could range from 1 00% to 0% . The 
same rating scale was used in spr ing estimations with prior fal l  
stands taken into acoount . 
The yield components for all plots were determined in al l 
years by the techniques described below . Yield components rreasured 
were spikes per square meter , spikelets per head, kernels per 
spikelet , kernels per spike , and 1000 kernel weight . Plant height 
measurements were also taken . 
Spikes per square meter were determined by taking three one­
meter samples at random with in each plot. An average of th ree 
samples was used to represent individual plots . The number of spikes 
within each sample was counted and then converted to spikes per 
square rreter . All samples were counted pr ior to harvest and were not 
removed from the plot . 
Spike lets pe r  head were counted on a random sample of 3 0 
heads from each plot . An average of the 3 0  heads was used to 
represent individual plots . 
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Kernels per spike and kernels per spikelet were calculated by 
the following equations : 
Kernels per spike = Yield (sg@) 7 Kernel weight 
p1kes per m2 
The 1 00 0  kernel weight was determined by counting 1 000  seeds 
from each plot and weighing them on an electronic balance . 
Plant heights were measured from the soil surface to the top 
of the spike excluding the awns . 
A Hege combine was used to harvest the plots in all years . 
Yields in 1 980 and 1981 were determined by harvesting a central area 
of each plot . Harvest areas varied in size and were measured to cal-
culate yields . Due to inj ury from chemical dr ift from fallow plots 
to portions of same plots in 1 982 , two or three subplots each measur-
ing 1 .5 m by 7 .6 m, were harvested from each main plot . In 1 983 , two 
subplots measur ing 1 . 5 m by 3 0 . 5  m were harvested from each main 
plot . 
Protein analysis of wheat from each plot was determined in 
all years of the study . In 1 980 , protein contents were determined by 
analyzing each sample for nitrogen content with the Kj eldahl method 
(total nitrogen X 5 .7 = percent protein) . In 1 981-83 , protein con­
tents were determined by a Technicon Infra-Alyzer-3 00 . A Udy Cyclone 
Sample Mill was used to grind the sample into flour in prepa ration 
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for analysis . Accuracy of this rrethod was checked periodically with 
Kj eldahl analysis and no significant differences were found . 
Rainfall data for the site was collected with an official 
u . s .  weather Service rain gauge at a far.m near the site . 
E .  Statistical Analysis 
Analyses of variance were calculated using Statistical 
Analysis Systems (SAS) software ,  PROC AAOVA (Procedure,  Analysis of 
Variance } ,  to determine the significance · levels of various treat­
rrents . A minimum significance level of . 0 5  was used to determine 
significance of soil moisture and soil temperature differences . 
Separation of neans in yield and yield component data were determined 
by the use of the Waller-Duncan k-ratio T-test (k=l OO}  with the sig­
nificance level set at approximately . 0 5 .  
All data was analyzed as a randomized complete block design 
with tillage , cropping systen , and blocks as fixed components and 
reps as random. Usually cropping systems were analyzed separately 
since interactions between continuous and fallow were of little 
iJ�ix>rtance . Four reps were analyzed for all yield and component 
data , three reps were analyzed for all soil roisture data , and two 
reps were used to compute differences in soil temperature data . 
RESULTS AND DISOJSSION 
A. Winter Wheat 
1 .  Soil Moisture 
Soil rroisture data from fall 1 980 to IX>st-harvest 1 981 and 
fall 1 982 to post-harvest 1 983 are presented in Tables 1-8 . Due to 
lack of uniformity of winter wheat stands in 1 980 and 1982 , winter 
wheat plots were sprayed with Roundup herbicide and seeded to spr ing 
wheat to insure uniform moisture drawdown throughout the plots and to 
provide stubble for the following year . Consequently , soil moisture 
values for these years are not presented . Precipitation data for the 
study site from 1 97 9  to 1 983 are found in Ap�ndix A.  Statistical 
analyses of soil moisture data are found in Appendix B .  
No significant differences were found for total soil water 
content in the 1 .2 m profile due to tillage treatment .at any sampling 
tine in the 1 981 crop year . Soil rroisture at planting tine in the 
fall of 1 980 was sufficient to establish good stands in all treat­
ments , but limited precipitation fell dur ing the winter of 1 980-1 981 
and throughout the 1 981 cropping season. The winter of 1 980-1981 was 
an "open winter " (no snowfall) and could account for the lack of sig­
nificance between tillage treatments . Much of the literature indi­
cates that the moisture conserving advantage of no-til l  and minimum 
tillage is in its ability to trap snow and store the moisture from it 
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Volumetric soil water content ( % )  by 15 em increments and total water content 
(JilT\) in 1 . 2 m profile as affected by cropping system and tillage for winter wheat 
plots , fall 1 980 . 
to-till 





17 .0  
22 . 0  
2 6  . o  
220 .2  
Cont-i IJUQUS 
MinimJm 
17 . 3  
21 . 0  
1 4 .7 
13 .7  
1 6 .3 
20 .7 
22 . 0  
28 . 0  
23 4 .3 
Volumetric soil water content ( \ )  
raJlQ!ri 
Conven No-till Mininun Conven 
% 
1 4 .0  27 . 0  2 4 . 3  23 .7 
1 8 . 0  25 . 0  24 .3 . 25 . 0  
15 . 0  25 .7 27 .3 24 . 7  
1 4 . 7  25 .7  2 8 . 3  23 .7  
15 .3  25 .3  26 .3  2 4 .3  
1 9 . 0  2 9 . 0  26 . 0  27 . 0  
23 . o  29 . 7  29 . 0  26 . 7  
27 .0 31 .7  3 0 . 0  2 8 . 7  
223 .5  2 46 .5 257 . 8  243 . 7  
by 1 5  em increments and total water content 
{mn) in 1 .2 m profile as affected by cropping system and tillage for winter wheat 
plots , spring 1981 . 
�DtiDIJQUS Eallaa 
No-till Mi.niirum Conven No-till Mininun Conven 
% 
16 .3 23 .3  17 .3  14 .7  1 4 . 3  1 4 . 7  
21 . 0  26 .3 23 .3  1 8 . 3  17 .7 1 9 . 7  
15 .0  15 .7 15 .7  23 . 3 23 . 7  22 . 0  
1 6 . 0  17 .3  15 . 3 24.7  2 4 . 0  23 .3  
17 .0 1 9 . 7  17 .0 28 . 0  26 . 0  25 .3 
1 9 . 0  22 . 0  21 .3  30 . 0  2 9 . 3  26 . 0  
22 .3 23 .o 24 .3  3 0 . 0  2 9 . 3  27 .3  
25 .3 28 . 0  28 . 3  3 1 . 3  31 . 0  2 9 . 0  
23 1 .1  266 .0  247 . 5  3 05 . 5 294 . 0  287 . 2 
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Table 3 :  Volumetric soil water content (\ )  by 15 an increments and total water content 
(JI'In) in 1 .  2 m profile as affected by cropping system am tillage for winter wheat 
plots ,  heading 1 981 . 
Cb�iDWJJa fAll� 
SOil 
Depth No-till MinimJm Conven No-till Mininum Conven 
---on- ' 
0-15 1 4 . 0  . 16 . 0  16 .0  15 .7 1 5 .3  15 . 3  
15-30 15 .7  16 .3  16 . 7  1 9 . 3  1 8 .7 1 8 . 3  
3 Q-45 15 . 0  16 . 3  15 .7  1 9 .7 1 9 . 0  1 8 . 7  
45-60 17 . 0  18 .3 15 . 7  . 23 . o  1 9 . 7  2 2 . 3  
6Q-75 1 8 . 0  21 . 0  18 . 7 28 .7  23 . 7 2 4 . 7 
75-90 20 .7  22 .3  22 . 3  30 .3 28 . 0  25 .7  
90-105 24 . 0 2 4 . 3  25 . 0  3 0 . 7  29 .7  2 8 . 0  
105-120 26 . 7  2 9 . 0  2 9 . 0  32 .7 3 2 . 0  2 9 . 7 
'IDTAL (mn) 230 .1 250 . 8  2 43  . o  3 0 4 . 6  284 .0  27 9 .8 
Table 4 :  Volumetr ic soil \lili!lter content ( \ )  by 1 5  an increments and total water content 
(mn) in 1 .2 m profile as affected by cropping system and tillage for winter wheat 
plots , post-harvest 1981 .  
C.Cllt i cwus fa.ll� 
SOil 
Depth No-till Minim..1m Corrven No-till Min inurn Conven 
--em-- ' 
0-15 1 6 . 7  13 . 7  17 .0  21 .3 21 . 7 23 .7 
15-30 1 4 . 0  13 . 0  14 .3 16 .3 16 . 0  16 . 7  
3Q-45 13 . 7  15 . 0  15 . 0  16 .7  1 5 .7 16 . 7  
45-60 15 . 7  17 .3 1 5 .0 19 . 0  15 . 0  1 9 .7 
6Q-75 16 .7  20 .0  1 8 .0 25 . 0  17 .7 22 . 0  
75-90 1 9 . 0  22 . 7  22 . 0  27 . 3 22 . 7  23 . 3  
90-105 22 .3  23 . o  24.3 2 8 . 7  27 . 3  27 . 0  
105-120 25 . 3  29 . 0  2 9 . 0  30 .7  3 0 .3 28 . 7  
rorAL (rrm) 218 .3 233 . 5  236 .2 282 . 9  254 . 0  271 . 4 
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( 2 ,3 ,1 0 ,11 ,3 2 ,3 9 ,56 ,77 ,85 ,86) . Since little snow was received , this 
advantage was lost and no significant differences were found . 
Precipitation during the remainder of the cropping season was also 
limiting and between April and July 1 981 was nore than 1 20 rnm below 
normal (Aptendix A) . The winter wheat crop ranoved all or nearly all 
of the available moisture present , thus , no effect of tillage treat­
ment on soil water content was evident at any sampling period .  
Significant differences were found between cropping systems in fall 
1 980 and at the spring measurement in 1 981 . Winter wheat-on-fallow 
plots had averages of 23 .3 , 47 . 4 , 40 .1 , and 48 . 2  mm more soil water 
in the 1 .2 m profile than continuous winter wheat plots in fall 1 980 , 
spr ing 1981 , at heading 1981 , and post-harvest 1981 , respectively 
(Tables 1-4) . Even though fallow plots had g�eater moisture contents 
than continuous plots at heading and post-harvest 1 981 measurements,  
these differences were not significant . However ,  the trend existed 
for greater soil water in fallow . 
Fall 1 982 soil water contents were very high as compared with 
fall 1 980 (Tables 5-8) • Precipitation was above normal in 1 982 
(Appendix A) and no significant differences were present between til­
lage treatments or cropping systems at any soil depth in the fall 
1982 . Soil moisture levels remained above normal dur ing the 1 983 
cropping season and consequently , no significant differences wer e  
found a t  any sampling time or soil depth across tillage treatments 
and cropping systems . The 1 983 season was opposite in COmp:irison to 
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Table 5 :  VolLDetric soil water content ( % )  by 15 em increments and total water content 
(mn) in 1 .2 m profile as af fected by cropping systen and tillage for winter wheat 
plots , fall 1 982 . 
Cont. inuoJ.lS EAllQJ!t 
Soil 
Depth Ncr-till Mininum Conven Ncr till Min inurn Conven 
--an-- ' 
0-15 33 . 0  32 .3 3 4 . 0  33 . 7  3 2 . 7  3 4 . 7  
15-30 28 .7  27 .7 30 .0  30 .3 3 0 . 7  3 0 . 3  
3 Q-45 27 .7 26 . 7  2 9 . 0  31 . 0  3 0 .7  2 9 . 7  
45-60 28 .3 26 . 0  2 8 . 3  29 . 7  29 . 3  2 9 . 0  
60-75 28 . 0  26 . 7  28 . 0  28 .3 2 8 . 7  2 9 . 3  
75-90 26 .3  25 . 7  3 0 . 3  30 .0  2 9 . 0  2 9 . 0  
90-105 27 .3 26 . 7  31 . 7  31 .3 30 .7 3 0 . 3  
105-120 28 .3  28 . 0  3 2 . 3  32 . 7  31 .3 31 .3  
'lUr.AL ( nm) 347 . s  334 . 5  370 . 5  337 . 5  370 . 0  370 . 7  
Table 6 :  Vol�.metric soil water content ( % )  by 1 5  en increments and total water content 
(nm) in 1 .2 m profile as affected by cropping systen and till.aqe for winter wheat 
plots , spring 1983 . 
ContiDWWi f:Allli2llll 
Soil 
Depth Ncr till M:inill:um Conven Ncrtill Minim.Jm Conven 
--em-- ' 
0-15 3 6 . 0  35 . 3  3 4 .7 35 . 0  33 . 0  34 . 0  
15-30 2 9 . 3  2 9 . 0  3 0 . 7  31 . 0  3 0 . 0  31 . 0  
3 Q-45 2 8 . 0  26 . 3  28 .3  2 9 . 0  29 . 0  29 .7  
45-60 2 9 . 0  28 . 3  2 9 . 0  31 . 0  30 . 0  30 .0  
60-75 2 8 . 3  2 7  . o  26 .0  27  . o  28 . 0  28 . 3  
75-90 26 . 3  26 . 0  3 0 . 3  27 . 3  27 . 7  28 . 3  
90-105 26 . 3  26 . 0  31 .7 30 .0  28 . 7  3 0 . 0  
105-120 27 .7  27 . 3  31 . 3  30 . 0  2 9 . 3  30 . 0  
'lUrAL ( rrrn) 352 . 0  3 43 .1  3 6 9 .3 365 . 7  361 . 0  3 67 . 1  
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Volurretr ic soil water content (% ) by 15 em increnents and total water content (nm) in 1 .2 m profile as affected by cropping system and tillage for winter wheat 
plots ' heading 1983 • 
Cgctinnou:a Ea.lleti 
Ncr till Mininum Conven Ncr till Minim..un Canven 
' 
40 . 7  3 9 . 7  3 9 . 3  3 9 . 3  37 . 7  3 8 . 0  
26 . 3  20 . 7  27 . 0  2 4 . 7  27 .7  24 . 3  
20 .7  15 . 3  21 .3  21 . 3  2 4 . 0  20 . 7  
22 . 3  16 . 3  23 . 3  22 . 0  25 . 3  21 . 3  
23 .7 17 .7  21 . 0  22 .3  24 . 3  22 . 3  
24 . 0  20 . 0  25 . 0  2 4 . 7  26 . 0  2 4 . 0  
25 . 0  23 . 7  27 .7 27 . 3  27 . 0  25 . 3  
26 .7  26  . o  2 8 . 7  2 9 . 0  2 9 . 0  27 . 3  
318 . 9  273 . 0  325 . 1  320 . 4  337 . 0  3 08 . 5  
Volumetr ic soil water content ( % )  by 1 5  em increments and t otal  water content 
(rrm) in 1 . 2 m profile as affected by cropping system and tillage for winter wheat 
plots , post-harvest 1 983 . 
Ncr till 
1 8 . 3  
1 9 . 0  
1 9 . 7 
17 .7  
21 . 0  
22 . 0  
2 4 . 0  
25 .7  
254 . 9 
Q2ctinwwa 
Minilrum 
17 . 7  
16 . 0  
13 . 3  
13 . 3  
15 . 3  
1 8 . 7  
21 . 7  
23 . 3  
210 . 5  
Conven 
' 
15 .3  
1 9 . 3  
17 . 7  
1 8 . 7  
20 .3 
23 . 3  
2 4 . 3  
25 .3  
251 . 3  
Ea.lleti 
Ncrtill M:inimmt Conven 
22 .7  22 . 0  25 . 0  
20 . 7  22 . 0  20 .3  
1 9 . 0  20 . 3  17 . 7  
20 . 0  21 . 7  1 9 . 0  
1 9 . 3  21 . 3  1 8 . 3  
22 . 0  2 4 . 0  1 9 . 3  
25 . 3  27 . 0  22 . 0  
27 . 3  2 8 . 0  2 4 . 3  
26 9 . 1  283 . 6  253 . 3  
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1 981 , as there was abundant soil moisture throughout all treatments 
in 1 983 while soil moisture was insufficient across all treatments in 
1981 . Consequently , due to opposite reasons , no significance of soil 
moisture content due to tillage treatment was found . 
2 .  Soil Temt:erature 
Soil temperatures at three depths and ai r temperatures were 
monitored in winter wheat plots at the study site dur ing the winters 
of 1 980-81 , 1 981-82 , and 1982-83 . Temperatures were IOOnitored at the 
crown level (5 ern depth ) ,  15 em depth , and 60 em depth to determine 
the influence of the different tillage systems on soil temperature 
and evaluate the effects of temperature on injury or winterkill .  No 
significant differences were found in soil temperatures monitored at 
the lower depths , so discussion will be limited to crown level soil 
temperatures and air temperatures . Due to mechanical failure of the 
temperature rronitor , data for the winter of 1 982-83 was incomplete , 
therefore , will not be presented . Temperatures were rronitored in 
both continuous and wheat-on-fallow plots , but due to low amounts of 
residue on fallow plots , temperatures were not significantly dif­
ferent than the conventional tilled continuous winter wheat plots . 
Consequently , temperatures in continuous winter wheat plots will be 
discussed for the winters of 1 980-81 and 1981-82 . 
Crown level soil temperatures for no-till , minimum till ,  and 
conventional tillage plots for the winter of 1980-81 are presented in 
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Figures 2 ,  3 ,  and 4 ,  resp:ctively . Temp:ratures represented in these 
figures are weekly averages of high and low temperatures recorded 
daily at three hour intervals .  Since the winter of 1 980-81 was an 
open winter ,  the figures reflect only the ameliorating effect of 
stubble on crown level soil temperatures . Little variation occur red 
between the high and low temperatures in the no-till and rninilll.lill til­
led treatments when oornp:ired to fluctuation in the oonventionally 
tilled treatment (Figure 4 )  • McCalla and Arnw found that temperature 
fluctuations for plowed treatments were as much as 3 .3 C greater than 
stubble mulched treatments ( 67 ) . Similar results can be seen when 
oornp:ir ing Figure 4 with Figures 2 and 3 .  Spring warm-up in no-till 
and minimum till treatments was slower , when compared with oonven­
tional tillage , from March through �By. This agrees with Unger ( 84 )  
and Van Doren and Allmaras ( 89 )  who stated that residues generally 
reduce soil temperatures dur ing warrrer IOOnths ,  as much as 2 C at a 1 0  
em depth . 
Temperatures dur ing the winter of 1 980-81 were ve� mild with 
the exception of oold pe riods in Janua� and Februa� 1981 . The 
ooldest period occurred dur ing the week of Februa� 6-13 , 1 981 and 
differences in the effect of stubble were most pronounced during this 
period. Figure 5 illustrates the crown level soil temperatures in 
the three til lage treatments and the air temperatures for this period 
in Februa� . On February 11 , air temperatures dropped to -3 3 C and 
oorresporrling tempe ratures in no-till,  minimum till , and conventional 
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Figure 2 : Weekly average soil tenperatures at crown level 
in no-till treatment fran Novenber 1 980 to May 
1 981 . 
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Figure 3 :  Weekly average soil terrperatures at crom level in 
mininl.un tillage treabnent fran Novenber 1980 to May 
1981 . 0\ w 
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Figure 4 :  Weekly average soil tenperatures at crown level in 
conventionally tilled treatment fran Novenber 1980 
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Figure 5 :  Crown level soil tenperatures in all three tillage 
treatments and air tenperature for week of February 
6-13 1 1981 . 0\ VI 
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plots were -10 .3 , -11 .1 , and -15 .1 , respectively . Analysis of 
variance (�ndix Cl) a };aired T-test showed that no-till and 
minimum till were significantly different from conventional tillage 
at the . 01 level . Nb-till and minimum till were 4 . 8 and 4 .0 C warmer 
than conventional till during this ooldest period .  This agrees very 
well with research by Aase and Sidooway ( 2) who found under similar 
circumstances that standing stubble per se influenced soil tenpera­
tures at the 5 em depth in that no-till was 4 to 5 C warmer than in 
bare soil . They iOOicated that the presence of standing stubble 
alone reduced wind movanent and the chill factor near the soil sur­
face , reducing the likelihood of winter injury or winter kill of win­
ter wheat·. 
Crown level soil temperatures during the winter of 1 981-82 
reacted in much the same way as temperatures in 1 980-81 . Although 
there was sufficient snowfall to provide snow cover on all tillage 
treabnents , wirXIs renoved roost of the snow from oontinuous conven­
tionally tilled and fallow plots . Figures 6 ,  7 ,  and 8 show weekly 
averages of high and low temperatures for no-till,  minimum till , and 
conventional tillage plots , respectively. Due to snow trapped in no­
till and minimum till  treatments by standing stubble , tanperatures at 
the crown level in these treatments were nearly identical and reached 
naxillllm lows in the range of -10 to -11 C when air tanperatures 
dro�d below -3 0 C dur ing periods in January through March. 
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Figure 6 :  Weekly average soil temperatures at crown level in 
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Figure 7 :  Weekly· average soil terrperatures at crown level in 
mininum tillage treabnent fran Novenber 1 981 to April 
1982 . 0\ 
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Figure 8 :  Weekly average soil temperatures at crown level in 
conventionally tilled treatment from November 1981 




Continuous conventional tillage and fallow plots reached lows 
of -14 .5 C during the same periods because of inadequate snow cover 
on these treatments. 'lbese data also agree with research oone in 
Montana by Aase and Sidooway ( 1) . They found that with a snow cover 
of 6 to 7 em ( snow in the furrow) , soil tenperatures ranained above 
-16 C as the air tanperature dro�d to -35 c. With snow cover of 1 5  
to 1 7  en ,  the soil tanperature reached only -11 C as the air tanpera­
ture decreased to -35 c. 
Figure 9 shows crown level soil tanperatures in the three 
tillage treatments and air tenperatures for the week of January 5-1 2 ,  
1982 . This was the coldest period recorded in the winter of 1 981-82 , 
although tanperatures were quite low through roost of January , 
February, and March. The effect of snow cover on the no-till and 
m� tillage treatments produced a positive effect as temperatures 
in these treatments were 2 .2 to 5 .5 C warmer than oonventional plots. 
Temperatures in conventionally tilled treatments also showed greater 
fluctuations than those in treatments with snow cover . On Januaty 
10 , crown level tenperatures were -8 . 8 , -8 .5 , and -14 .3 in no-till,  
minimJm till ,  and conventional plots , res�ctively, and air tanpera­
tures reached -31 c. Analysis of variance (�ndix C2) showed no­
till and mininurn till  to be significantly different than conventional 
tillage during this period , also. As in spring 1981 , no-till and 
minimum till warmed up slower than oonventional tillage plots in the 
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Figure 9 :  Crown level soil tenperatures in all three tillage 
treabnents and air tenperature for week of January 
5-12 , 1982 . -....) ..... 
3 .  Stand Establishnent and Survival 
72 
Stand establ ishnent of winter wheat in the fall of 1 97 9 was 
very poor across all tillage treatments and varied widely within in­
dividual plots .  Problems were encountered with seed placement at 
planting and topsoil moisture for ger.mination was limiting. Table 9 
shows the �rcent stand in the fall of 1 979 and the �rcentage sur­
viving in the spring of 1 980 • Since the fallow systen had not been 
established , the �rcentages given for continuous plots are based on 
an average rating of eight replications. Less than a 50% stand was 
found in all tillage treatments in the fall and survival over winter 
was less than 5% for all treatments . Consequently, all winter wheat 
plots were sprayed with a nonselective herbicide (Roundup) and plant­
ed to spring wheat in the spring of 1 980 . This was oone to provide 
for uniform drawdown of soil moisture and to provide stubble for the 
subsequent cropping season. 
Winter wheat stand � rcentages in the fall of 1 980 are shown 
in Table 1 0 .  Soil rooisture at seeding was sufficient across all til­
lage treatments in the fallow cropping system producing 100% stands . 
However , a differential existed in tillage treatments in the con­
tinuous cropping system. No-till, minim.Jm till ,  and conventional 
tillage plots had fall stands of 98 , 72 , and 83% res�ctively . Stand 
reductions in the continuous systen appeared to be a reflection of 
soil roisture content in the top 5 to 10 em of soil or seed placement 
zone . Although no significant differences for soil rooisture in the 
Table 9: Winter wheat stand establishment and survival for fall 1979 and 
















lraJ.1ow plots had not been established by fal l  1979 as th e  study site was 
cropped the previous season. 
Table 1 0 :  Winter wheat stand establishment and survival for fall 1980 

























top 15 an were evident between tillage treatments in the late fall ,  
they app:trently existed at planting tine. This difference was 
especially evident in the mdnimum tillage treatment where a NOble 
blade with a 45° blade angle was used. The blade �rated at a depth 
of approximately 15 em and dried the topsoil excessively so stand es­
�lishnent was :p:>orer . Conventional tillage plots were plowed and 
disked before planting and dried out the topsoil sufficiently to 
reduce stands in this treatment. Stands in the continuous ncrtill 
treatment were nearly equal to those on fallow due to greater mois­
ture present in the seed zone in this treatment. The lack of tillage 
reduced drying of the soil sur-face and precipitation received between 
harvest and planting of winter wheat was present in the upper topsoil 
for ger.mination and emergence of the wheat. 
Survival of winter wheat over the winter of 1 980-81 was 1 00% 
in all fallow plots and was 95 , 6 0 ,  and 75% in oontinuous ncrtill , 
minimum till ,  and conventional tillage plots , ·respectively (Table 
10) . The reductions that occurred over winter in the oontinuous 
cropping system were rost likely due to kill of plants that were less 
vigorous because of the lack of topsoil moisture for good establiSh­
nent and proper hardening. The winter of 1980-81 was mild and soil 
tenperatures at the crown level reached the lowest value of -15 . 1  C 
in only the conventional tillage treatment . Aase and Sidd:>way ( 3) , 
Grant et al . ( 38) , and Gullord et al . ( 47) , indicated that well 
hardened plants may withstand crown-depth soil temperatures of -20 to 
75 
-22 C, while less hardened plants nay die at -14 to -16 c .  This 
suggests that the less vigorous plants in the continuous treatments 
rray have died due to insufficient IOOisture for proper hardening . 
Although stands in the continoous treatments were not 1 00% , they were 
uniform and considered sufficient for yield and yield component data 
in 1 981 . 
Table 11  shows winter wheat stand establishment and survival 
�rcentages for fall 1 981 and spr ing 1982 . As in fall 1 980 , winter 
wheat in all tillage treatments on fallCYW had 100% stands in the fall 
of 1 981 . However , large differences in establishment due to tillage 
treatment were present in the continuous system. No-till ,  minimum 
till,  and conventional tillage plots had stands of 1 00 ,  80 , and 8% , 
res�cti vely, in the fall of 1 981 . Stand differences in the con­
tinuous system can again be attributed to differences in the amount 
of topsoil moisture present within each tillage treatment . As in 
fall 1 980 ,  no significant differences were found in soil roisture 
content of the top 15 em at the late fall sanpling. This indicates 
the need for taking an additional soil moisture neasurement at plant­
ing tine of winter wheat to determine if misture contents differ at 
this tine . Nonsignificant differences were found at post-harvest of 
the previous crop and in the late fall after establishment had occur­
red. Precipitation from July through September 1981 was 66 . 8  nm 
below normal (Appendix A) and at planting of winter wheat in early 
September, an attempt was made to seed into IOOisture. The 
Table 11 : Winter wheat stand establishment and survival for fall 1981 























Table 12:  Winter wheat stand establishment and survival for fall 1982 
























conventional tillage treatment appeared to have the least amount of 
topsoil moisture present due to the plowing and disking of this 
treatment . Winter wheat was planted at a depth of 8 to 1 0  ern in oon­
ventionally tilled plots to place it in oontact with moisture present 
at this depth . Winter wheat did germinate and emerge , but a 
rainstorm in early October 1 981 washed ridges established by the deep 
furrow dril l ,  onto the emerging seedlings and covered them resulting 
in an 8% stand . Had the winter wheat been planted shallow and 
precipitation had then occurred, stands may have been better than 
those achieved . 
Continuous minimum tillage plots had average stands of 80% in 
the fall of 1 981 . A Noble blade with a 3 0° blade angle was used for 
tillage in 1 981 , replacing the blade used prior to 1 981 . This was 
done to reduce the depth of operation and ultirrately to reduce the 
amount of topsoil moisture lost due to evaporation caused by tillage . 
This resulted in better stands than those found in minimt.ml tillage 
plots in the fall of 1 980 , however ,  misture also appeared to limit 
stand establishlrent again in fall 1 981 . The continuous no-till 
treatment had stands equal to those on fallow due to greater moisture 
present at seeding in this treatment . Good and Srnika (37) found that 
every tillage operation can result in a loss of 5 to 8 mm of water by 
evaporation, so the more mixing and sti rring of the soil , the larger 
the evaporative losses . less evaporation of soil moisture may have 
occur red in the no-till  treatment due to the lack of tillage . 
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Spring 1 982 stands show that a large degree of winterkill 
occurred over the winter of 1 981-82 (Table 11) . Stands in fallow 
showed reductions of 3 5 , 6 0 ,  and 75% in no-till , minirrum till ,  and 
conventionally tilled fallow , res�ctively . Although differences in 
soil temperature at the crown level in fallow did not vary sig­
�ficantly from crown temperatures in continuous conventional tillage 
plots , an effect of tillage treatment in fallow was evident . No-till 
showed the least amount of winterkill and this may be due to the 
amount of snow that the ranaining stubble trapped. Wicks and Smika 
( 93 )  found that the average percent stubble remaining after a 
14-IOOnth fallow period was 46% with no-till fallow , 21% with stubble 
mulch fallow , and 0% with bare {conventional till) fallow . Similar 
percentages may have been present on fallow treatments at the study 
site , although no measurements were taken. Much of the ranaining 
residue lay flat on the soil surface , but evidently the percent 
remaining had some effect on snow catch and winterkill in fallow til­
lage treatments in the winter of 1 981-82 . Minimlml till  plots showed 
a 6 0%  reduction in stands from the previous fal l .  There roost likely 
was less residue present in this treatment as compared with the no­
till treatment and the amount of snow trap�d was likely less,  also. 
Conventionally tilled fal low ,  with virtually no stubble or snow to 
protect it showed the largest reduction in stands . Differences in 
stand survival percentages may have been due to reduced fluctuation 
of soil temperatures from trapped snow in the different til lage 
treatments , differences in the duration of the cold period {s)  
7 8  
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involved, differences in hardening levels of wheat in the til lage 
treatments or a oornbination of these factors .  Kenef ick ( 54) 
suggested that the moisture content of the crown of winter wheat 
plants may have varied between the different tillage treatments 
resulting in different kill percentges . Winterkill may also have oc­
curred during a cold period in the late spr ing after loss of dormancy 
and some growth had taken place . The degree of loss of dormancy and 
growth in each treatment may have been influenced by soil temperature 
warnrup, with the greatest degree of warnrup and growth occurrring in 
conventionally tilled fallow , next with mininu.nn till  fallow , and 
least with no-till fallow . Resultant kill r:ercentages may reflect 
this degree of warm-up and growth . Figures 6-8 indicate differences 
in warnrup did occur . 
Stand survival in the continuous system also showed reduc­
tions from the previous fall ,  but to a lesser degree . No-till stands 
were reduced from 1 00% to 80% • Soil tanP= r atures at the crown level 
in this treatment never fell below -1 0 C at any time dur ing the win­
ter of 1 981-82 and snow cover was present during all of the cold 
pe riods from January through March 1 982 . The 2 0%  reduction in stand 
may again be attr ibuted to any one or a oornbination of the reasons 
previously presented. Stands in the continuous minimum tillage 
treatment showed a reduction from 80% to 50% . This treatment reached 
-11 C at it ' s  lowest point in the winter of 1 981-82 and as in 
no-till , had snow cover throughout the winter . Since an 80% stand 
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was found in fall 1 981 , there was roost likely a greater � rcentage of 
plants that were less vigorous from insufficient soil moisture and 
were possibly more susceptible to injury and winterkil l .  Reasons 
previously mentioned many have contributed to winterkill in this 
treatment , also . Stands in the conventional til lage treatment were 
only 8% in the fall of 1 981 and s�culation can be na.de that if a 
higher �rcentage had been established , winterkill would have prob­
ably occurred at a greater degree than in either the no-till or mini­
Illlin tillage treatments due to the absence of stubble and snow cover . 
Crown level soil temperatures in this treatment reached maximum lows 
of -1 4 .5 C during the cold periods in January through March . Stands 
in both continuous and fallow �stems were not uniform and varied 
enough at this point that stand establishment and yield would have 
been highly correlated, so the decision was made to kill all remain­
ing winter wheat with a nonselective herbicide and plant all plots to 
spring wheat. This was d:>ne to insure uniform moisture drawdown and 
to provide stubble for the subsequent year . 
Winter wheat stand establishment and survival percentages for 
fall 1 982 and spr ing 1 983 are presented in Table 1 2 .  Precipitation 
after harvest in July 1 982 and after planting of winter wheat in the 
fall was 82 .1 rmn above normal (Ap�ndix A) • Consequently , 1 00% 
stands were found in all tillage treatments in both continuous and 
fallow systems . The IOOisture allowed excellent fall growth and 
hardening to occur and snow cover was present in no-till and minimum 
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tillage plots in both cropping systems . Conventionally tilled fallow 
and continuous plots had pe riods of snow cover , but winds removed 
roost of this at various tines throughout the winter . However ,  due to 
a mild winter , survival fercentages show that no winterkill occurred 
in any tillage treatment within either cropping system. 
4 .  Yield and Yield Corrponents 
The results for yield and yield components in continuous and 
crop-fallow sequences will be discussed individually . The rreans ob­
tained from winter wheat are presented in Tables 13-16 for the crop­
years 1 981 and 1983 . Winter wheat was not harvested in either 1 980 
or 1 982 for reasons previously discussed. The tables contain tests 
of the statistical significance between tillage treatments and yield , 
yield components , plant height ,  and grain protein content . F-ratios 
greater than 10% probability level were def ined as nonsignificant 
(NS) . Analyses of variance are found in Ap�ndix Tables Dl-D4 . 
Trends as well as significant differences found among the 
cropping systems and tillage treatments will be discussed .  The 
general trends were included because of the variable environmental 
conditions under which this experi.rrent was corrlucted. Consistent 
trends over extremely variable years seemed to indicate certain 
relationships, even though they may not have resulted in statistical 
significance . 
The data will  be presented on a cropping system by tillage 
treatment basis because tart of the obj ective of the study was to 
determine the effects of cropping system and tillage treatment on 
yield and yield components of winter wheat . This approach was taken 
in an attempt to determine how these cultural practices influence 
wheat production and , therefore , to identify optim..un combinations. 
Continuous winter wheat means for 1 981 are presented in Table 
13 . Yields in the continuous system were 9 . 6 ,  6 .2 ,  and 8 .  8 q/ha in 
no-till ,  minimum till and conventional tillage treatments , respec­
tively . Precipitation from April through July 1 981 was 120 mm below 
normal (Appendix A) and caused the relatively low yields in this sys­
tem. Stand differences also existed in the spr ing of 1 981 , with no­
till showing 95% stands , rnini:rm.nn with 60% stands , and conventional 
with 75% stands . I f  stands in rninimLUn till and conventional till  
treatments had been equal to those in no-till ,  then differences in 
yield may have shown greater significance . Differences in stands ex­
isted because of dry topsoil conditions at planting in the tilled 
treatments and winterkill of less vigorous plants over the winter . 
The stand differential was evident in the number of spikes 
per square meter found in the three tillage treatments. The numbers 
found were 2 99 ,  202 and 237 spikes per square meter in no-till ,  mini­
mum till , and conventional till ,  respectively . If these figures are 
multiplied by the percent stand difference from no-till,  nearly equal 
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Table 13 : 1 981 Continuous winter wheat grain yield , yield components , height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike Weight Height Content 
-q/ha- -kg/hl- �- -em- -% -
No-till 9 . 6a* 6 8 . 4b 299a 1 5 . 0  21 . 5b 54 . lb 17 . l a  
Mini.nurn 6 . 2b 65 . 6c 202b 1 4 . 8  20 . 9b  5 9 . 6a 1 6 . 5ab 
Conventional 8 . 8a 71 . 4a 237ab 15 . 9  23 . 9a 5 4 . 6b 1 6 . 0b 
F-value 12 . 97 23 . 7 2  5 . 87 0 . 46 26 . 11 6 . 95 7 . 82 
Prob .  of F < 0 . 0 1  ( 0 . 01 0 . 0 4  NS < 0 . 01 0 . 03 0 . 0 2  
Table 1 4 :  1 981 Winter wheat-on-fallow grain yield , yield components , height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test Spike� Kernels Kernel Plant Protein 
Treatment Yeild Weight per m per Spike Weight Height Content 
�- -kg/nl- �- -em- -% -
Ncr till 20 . 6 *  73 . 2  43 5 1 9 . 3  24 . 7  70 . 7  1 5 . 4  
Mininum 21 . 7  7 2 . 3  444 20 . 0  24 . 7  7 3 . 4  15 . 4  
Conventional 20 . 1  7 3 . 1  407 1 9 . 8  25 . 1  7 1 . 9  1 5 . 4  
F-va.lue 0 . 03 1 . 90  1 . 80 0 . 08 0 . 41 0 . 70 0 . 1 3  
Prob . of r NS NS NS NS NS NS NS 
� followed by the same letter within a column are not significantly dif ferent at 
approximately the 5% level (Waller-Duncan k-Ratio t Test , k=lOO) . 
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spikes per square meter would have been present in all til lage 
treatments . 
No significant differences were present in the number of ker­
nels per spike for the three tillage treatments.  However , the 1 000 
kernel weight was significantly greater in the conventional tillage 
treatment than in either no-till or minimum till . This difference 
resulted in significantly higher grain test weights in conventional 
plots . Test weights were 71 . 4 , 6 8 . 4 ,  and 65 . 6  kg/hl for convention­
al , no-till , and minimt.ml. till , resp?ctively . Test weight and kernel 
weight have generally been found to be associated in a positive man­
ner and this relationsh ip is usually significant . 
Plant heights in no-till and conventional tillage treatments 
were not statistically different from each other , but minimum tillage 
plots were significantly tal ler ( 4 ern) than these treatments . A pos­
sible explanation may be that the reduced stand and lower ntmlber of 
spikes p?r square meter in minimum till plots allowed some additional 
growth to occur from roisture received dur ing the cropping season. 
Whole grain protein content in no-till treatments was 17 . 1% 
and was significantly higher than grain protein content in conven­
tional till treatments at 16% . Grain protein content in minimum till 
was 16 .5% and not significantly different from either no-till or con­
ventional till .  Higher grain protein content in no-till may be a 
reflection of reduced kernel weight which would concentrate the 
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protein in smaller kernels . Conventional tillage treatments , with 
larger kernels and higher kernel weights , had a greter dilution 
factor and therefore ,  lower grain protein contents . 
Table 1 4  shows the results for yield and yield components of 
winter wheat-on-fallow in 1 981 .  No significant differences were 
found between tillage treatments for yield , yield components , plant 
height , or protein content in winter wheat seeded on fallow in 1 9 81 . 
Stands were 1 00% in the fall of 1 980 and no losses were found in any 
treatment in the spr ing of 1 981 . Due to the greater soil ooisture 
content in fallow , yields were more than oouble those in oontinuous 
plots and were 2 0 . 6 , 21 .7 , and 20 .1 q/ha for no-till ,  minimum till , ·  
and conventional tillage treatments , res�ctively . All yield com­
ponents and plant heights were significantly greater than those in 
the continuous system . Protein contents were significantly lower in 
fallow as comiSred to continuous ,  but this was expected because of 
the higher yields in the fallow system. No trends were evident for 
yield , yield components , plant height , or protein content of winter 
wheat-on-fallow in 1 981 . 
Continuous winter wheat means for 1 983 are presented in Table 
15 • Rainfall was higher than normal in 1 983 (Ap�ndix A) and above 
average yields were obtained in this year . However ,  significant dif­
ferences were present between tillage treatments in the continuous 
system and several trends were evident. Yields of winter wheat were 
2 9 . 0 , 33 . 9 ,  and 37 . 6  q/ha for no-till,  minilllliDl till , and conventional 
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Table 1 5 :  1 983 Continuous w�t�r wheat grain yield , yield CC�rp>nents , height , protein 
content , and statistlcal analyses for the three tillage treatments . 
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike Weight Height Content 
-qlha- -kg/hl- � -an- -% -
No-till 2 9 . 0c* 75 .8b 3 98:> 29 . 9  2 4 . 6  89 . 8  1 4 .7a 
MinimJm 33 . 9b  75 .8b 454ab 3 0 . 8  2 4.5 92 . 8  1 4 .3ab 
Conventional 37 . 6a 7 9 .la 46 9a  32 . 4  25 .3 94 . 8 13 . 9b  
F-value 21 . 88 6 . 45 3 . 98 0 . 98 2 . 09 2 . 90  5 .75 
Prob . of F < 0 .01 0 .03  0 . 08 NS NS NS 0 . 0 4  
Table 16 : 1983 Winter wheat-on-fallow grain yield , yield carp:ments , height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test Spik Kernels Kernel Plant Protein 
Treatment Yeild Weight per
� 
per Spike Weight Height Content 
� -kg/hl- � -em- -%-
Nc>-till 36 .8* 78 .0 458a 32 . 9  24 . 5b 95 .6 1 4 . 2b  
Mi.nimJm 36 .1 77 . 6  436ab 32 . 3  25 .7a 97 . 4  1 4 .0 
Conventional 35 .2 7 8 . 9  43lb 3 1 . 6  25 . 9a 94 . 4  1 4 . 1  
F-value 0 .56 1 .17 5 .20 0 .36  37 .7 o.  78 0 • .90 
Prob. of F NS NS 0 . 0 5  ns <J . Ol ns NS 
� followed by the same letter within a column are not significantly different at 
approximately the 5% level (Waller-Duncan k-Ratio t Test , k=lOO)  • 
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tillage treatments , respectively , and were statistically different 
from each other . Conventionally tilled winter wheat , with the 
highest yield , also had a significantly higher number of spikes pe r  
square neter than th e  no-til l  treabnent . There were 46 9 spikes per 
square meter in the conventional tillage treatment and 3 98 spikes per 
square meter in no-till . Minimum tillage plots were in between with 
454 spikes per square meter and were not significantly different from 
either conventional or no-til l .  The differential in number of spikes 
is most likely the reason for differences in yield between the th ree 
tillage systems . An explanation for lower spike numbers in no-till 
and minimum till may be that phytotoxins were produced during residue 
decomposition in these treabnents and reduced the amount of tillering 
that normally would have occur red . Cochran et al . ( 20 )  found that 
dur ing periods of cool wet weather ,  tillering was reduced and plants 
lacked vigor . Later studies indicated that short chain fatty acids 
(acetic,  propionic , and butyric)  were the najor phytotoxins produced 
and they found that exposure to 1 0  rrM concentration of acetic acid 
for four days resulted in the failure of 3 0t  of the plants to develop 
T1 tillers ( 19) . Cochran et al . concluded that the loss of early 
tillers and shoot growth has the potential to reduce tillering and 
grain yields more than the loss of later-forming tillers . other 
researchers have found similar results and Oliphant ( 73)  indicated 
that for all nethods of tillage , plowing resulted in the best yields 
because residues were bur ied and phytotoxins were not in contact with 
young seedlings . He also noted that the effects for all tillages and 
87 
direct drilling were rrore pronounced in wet coooitions. Results at 
the study site indicate that phytotoxins may have reduced tillering 
and ultimately yields in the no-till and minimum tillage treatments 
due to above normal precipitation in 1 983 .  
Test weights of grain in conventionally tilled treatments 
were also significantly higher than those in minimum and no-till 
treatments . Conventional tillage plots had test weights averaging 
7 9 . 1  kg/hl while no-till and minimum till grain test weights were 
75 . 8  kg/hl . The 1 000  kernel weights were highest in the oonventional 
tillage treatments and , although not statistically different from no­
till and minim.un till , nay have caused the higher test weights in 
this treatment . A trend was evident for the number of kernels per 
spike with 3 2 . 4 , 3 0 . 8 ,  and 2 9 . 9 kernels per spike in conventional , 
minimum, and no-til l ,  respe
.ctively . The differences , although not 
significant , indicate that more kernels were produced as tillage in­
creased in the continuous system in 1983 . 
Plant heights also reflected the degree of tillage pe rformed 
and were 9 4 . 8 , 92 . 8 ,  and 8 9 . 8  em in conventional , rninirrum, and no­
till , respectively . These differences were nonsignificant but show a 
trend in 1 983 for taller plants as more tillage was performed. 
Phytotoxins nay have reduced plant growth in no-till and minirrum til-
lage treatments .  
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Grain protein contents were significantly higher in no-till 
with 1 4 . 7% protein compared to 1 3 . 9% grain protein in conventional 
tillage treatments . Minimum till had 14 . 3% protein and was not 
significantly different from no-till or conventional tillage . 
Protein content can again be related to kernel size and weight and 
also to differences in yield of the three tillage treatments .  
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Table 16  shows winter wheat-on-fallow grain yield and yield 
components for 1 983 . · No significant differences were found for yield 
but a slight trend for a yield advantage in no-till and minimum til­
lage treatments was evident . Significantly more spikes pe r  square 
meter were found in no-till when compared to conventional tillage . 
Spikes per square meter in minimum till were not significantly dif­
ferent from no-til l or conventional till but were greater than con­
ventional tillage treatments .  There was more total soil water 
present in the 1 .2 m profile in both no-till and minimum tillage 
treatments at heading in 1 983 (Table 8 )  and was probably the reason 
for the increased number of productive tillers and the slight yield 
advantage in these two treatments. No effect of phytotoxicity was 
seen in fallow treatments likely due to the low amounts of residues 
remaining after the 1 4-month fallow period .  
A trend was evident for the number of kernels pe r  spike with 
3 2 . 9 , 3 2 .3 , and 3 1 . 6  kernels per spike being found in no-till ,  mini­
mum till , and conventional tillage plots , respectively. The 
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differences , although nonsignificant , indicate that more kernels were 
produced as tillage decreased in the fallow systen in 1 983 . 
An inverse relationship existed between the number of kernels 
per spike and the 1 000 kernel weights . Conventional and minimum til­
lage treatments had significantly higher kernel weights than the no­
till treatment . The literature indicates that kernel weight and n� 
ber of kernels per spike are generlly negatively correlated and this 
relationship is usually significant . 
No significant differences or trends were identified for test 
weights and grain protein contents of the three tillage treatments in 
the fallow systen in 1983 . Plant heights were also nonsignificant 
but were slightly taller in no-till and minimum till than in conven­
tional tillage plots . The differences in plant height may have been 
due to the greater soil moisture content in no-till and minimum till 
at heading in 1 983 . 
5 .  Effect of Tillage Systems on Weeds 
Weed control in all continuous winter wheat treatments con­
sisted of a spr ing application of Bronate at a rate 9f 1 . 2 1/ha to 
control broadleaf weeds . Weed control between harvest and fall 
planting consisted of disc tillage in the conventional tillage treat­
nents , Noble blade tillage and an application of Roundup if necessa ry 
in minimum til lage plots , and one or two applications of Roundup in 
the no-till treatment . Grass weeds were not a problem in winter 
wheat in the f irst two years of the study . However in 1 982 and 1983 , 
downy brome populations increased significantly in same continuous 
no-till and minimum tillage plots . Populations were highly variable 
between treatments and replications but appeared to be highest in the 
continuous no-till  treatment . Continuous conventional tillage plots 
had the lowest populations of downy brorne because of the nature of 
the tillage performed in this treatment . Downy brome was not a 
problem in winter wheat-on-fallow due to control by tillage and her­
bicides dur ing the fallow period .  Fenster and Fur rer ( 31) found that 
after two years of continuous wheat , downy brome was the main grassy 
weed present and was found mostly in the no-till plots . They indi­
cated that populations of this weed varied considerably between all 
treatments but were several times higher in no-till than in tilled 
plots . Similar results were found at the study site. Fenster and 
Wicks (3 4) stated that downy brome would likely become a serious 
problem in continuous winter wheat, especially in a no-till manage­
ment system . Downy brome is much harder to control since it has a 
life cycle similar to winter wheat. At present there are no accept­
able herbicides for selective control of downy brome in small grains. 
This may require leaving the soil in fallow occasionally to reduce 
downy brorne through til lage , or rotating wheat with other crops such 
as sorghum or mil let . 
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B. Spring Wheat 
1 .  Soil Moisture 
Soil moisture data from fall 1 980 to post-harvest 1 983 are 
presented in Tables 17-28 . Soil roisture data for the 1980 cropping 
season was incomplete and will not be presented. However , spr ing 
wheat was harvested in all years of the study from 1 980 to 1 983 . 
Precipitation data for the study site from 1 979 to 1 983 are found in 
Ap�ndix A .  Statistical analyses of soil rroisture da ta  are found in 
Appendix B .  
Precipitation data for 1 980 shows that rainfall from Apr il 
through July was below normal in all rronths with the exception of 
June in which 1 93 rrun of rain fal l.  The large amount received in June 
occurred nainly in a one day period and consequently , rrost ran off 
and did not benef it the crop as much as if it had occur red over a 
period of days or at various intervals in June . Because of below 
normal cropping season precipitation in 1980 , spr ing wheat relied 
somewhat on moisture stored during the fall of 1 979 and yields ob­
tained in 1 980 were about average . These will be discussed in the 
following section. No significant differences were found for soil 
water content at any depth or for total soil water content between 
tillage treatments in late fall 1 980 for plots to be cropped to 
spring wheat in 1 9 81 (Table 17) . There was however ,  a trend in the 
continuous cropping system for roore soil water in no-till and rninim..nn 
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Volumetric soil water content (% ) by 15 em increnents and total water content 
(mn) in 1 .2 m profile as affected by cropping system and tillage for spring wheat 
plots , fall 1 980 • 
· 
C.CotiDLIQwa fAll� 
No-till Miniirum Conven No-till MiniDum Conven 
' 
16 . 3  17 .3  16 . 0  25 . 3  25 . 3 · 26 .7 
21 .0 20 .7 1 9 . 7  25 .0 25 .7 26 . 3  
1 9 .0 13 . 7  1 2 . 3  24 . 3  2 7  . o  26 . 7  
16 .3 18 .3  16 .3 24 . 3  27 . 3  25 .7 
20 . 0  1 9 .0 1 8 . 0  2 4 . 0  28 . 0  26 . 3  
23 . o  22 . 3  20 . 7  27 . 0  28 . 0  25 .3 
27 . 0  25 .3 2 4 . 7  26 .7 27 .7 27 .3  
27 . 3  2 4 . 7  26 .7  29.0  28 . 3  2 9 .3 
258 .7  2 45 . 8  23 6 .0  3 12 . 9  331 .6  325 . 6  
Volumetric soil water content ( \ )  by 15 em increnents and total water content 
(mn) in 1 . 2 m profile as affected by cropping system arx3 tillage for spring wheat 
plots , spring 1 981 . 
Cnnt i nUOUB fl]lgw 
No-till Minim.Dn Conven No-till Minilrum Conven 
' 
21 .7  23 . 0  25 .7 24.3  26  . o  25 . 7  
26 . o  25 . 7  2 4 .3 2 9 . 0  27 . 3  27 .3 
20 . 0  1 8 . 7 1 4 .3 26 . 0  28 . 7  26 . 3  
20 . 3  1 9 .3 1 8 . 7  25 . 7  28 . 7  2 7  . o  
22 . 7  21 . 7  20 . 7  25 . 3  28 . 7  27 .3 
23 .7 2 4 . 7  23 .3 25 . 0  2 9. 0  26 . 7  
26 .3  27 . 0  23 . 3  27 . 0  28 . 7  28 . 7  
2 8 . 7  25 . 3  26 . 7  2 9 . 0  2 9 . 0  30 .7 
290 . 1  282 . a  270 .1 324 . 3  3 43 . 6  334 . 7  
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till as compared to conventional tillage plots . Total soil water 
contents in the 1 . 2 rn profile  were 258 . 7 ,  2 45 . 8 ,  and 236 .0 rnrn in 
no-till ,  minimum til l ,  and conventional tillage treatments , rest:ec­
tively, in the continuous system. The fallow system had significant­
ly more total soil water than the continuous system but no sig­
nificant differences or trends between tillage treatments were found 
in this system. There was an average of 7 6 . 5  rmn more total soil 
water in the 1 . 2 m p�ofile in fallow than in continuous plots in late 
fall 1 980 . 
Soil water contents by depth and total soil water in the 1 . 2 
rn profile in the spr ing of 1 981 are shown in Table 1 8 .  As in fall  
1 980 , no significant differences were found at  any depth or  for total 
soil water in the three tillage treatments within either cropping 
system. The fallow system still had significantly roore total soil 
water present than the continuous system. However ,  differences in 
over winter soil moisture gains between cropping system were more imr 
portant . The continuous system gained an average of 3 4 .2 rran across 
treatments between the late fall and spr ing measurements ,  while fal­
low treatments gained only 1 0 . 8  rnrn between these sampling periods . 
The greater soil rooisture gain over winter in the continuous system 
may have occur red due to lower amounts of rooisture present in this 
system cornp:ired to fallow . The fallow system, with significantly 
higher rooisture than continuous ,  rray have allowed roore run-off to 
occur before soil thawed in the spr ing . Dry conditions in the 
continuous �stem may have allowed greater infiltration of moistur e  
from precipitation received in March , 1 981 . Willis e t  al . ( 97 , 99)  
indicated that run-off tends to be less from a dry soil providing the 
surface 3 0  ems does not become wetted before the soil freezes in the 
fal l .  Entrapnent of snow may have been greater in the continuous 
system, however this was an open winter and very little snow fell . 
Table 1 9  shows soil water contents in spr ing wheat plots at 
heading in 1 981 • Differences between the fallow and continuous sys­
tems were still evident but were not significant at this sampling 
time and no differences were found due to tillage treatments in 
either system. The trend for oore soil water storage as tillage was 
reduced still existed in continuous plots with total soil water con­
tents being 280 • 7 ,  27 2 .  4 ,  and 26 2 .  7 rran in no-til l ,  mininrurn till and 
conventional tillage treatments , respectively . 
Soil water contents after harvest in 1 981 are presented in 
Table 2 0 . Fallow treatments again had higher soil water contents 
than the continuous system at the post-harvest sampling but these 
differences were nonsignificant . Likewise , no significant differen­
ces were found and no trends were evident between tillage treatments 
in either system. 
Table 21 shows soil water contents in the fall of 1 981 for 
those treatments to be cropped to spring wheat in 1 982 . No 
significant differences were found between tillage treatments in 
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Table 1 9 :  Vol�.Detric soil water content ( \ )  by 15 em incranents and t otal  water content (mn) in 1 . 2 m profile as affected by cropping system and tillage for spring wheat 
plots , heading 1981 • 
!llntiDUQUS .eAJ.lgw 
Soil 
Depth No-till MinimJm Conven No-till Mi.n.imJm conven 
--em- ' 
0-15 1 8 . 0  17 . 0  17 . 0  22 . 0  22 . 0  22 .3 
15-30 1 9 . 0  1 9 .3 17 . 7  25 .7 24 . 7  22 . 0  
3G-45 20 . 0  1 9 .3 1 9 . 0  2 4 . 3 25 . 7  23 .3 
45� 0  22 . 0  20 . 0  1 9 .3 26 . 0  27 . 7  25 .3 
6G-75 23 . 7  23 . o  22 . 0  25 .3 28 . 7  25 . 3  
75-90 25 . 0  26 . 0  2 4 .3 26 . 0  2 9 . 7  25 . 7  
90-1 05 27 . 0  27 . 7  25 .7 2 8 . 0  29 . 0  2 9 . 0  
1 05-120 2 9 .3 26 . 3  28 .3 3 0 . 0  3 0 .3 3 1 . 0  
rorAL (mn) 280 . 7  272 . 4  262 . 7  316 . 9  331 . 3  310 . 7  
Table 20 : Vol�.�netric soil water content (\)  by 15 em incranents and total water content 
(mn) in 1 . 2 m profile as affected by cropping systE!ll and tillage for spring wheat 
plots , post-harvest 1 981 . 
!llntiougwa fa.lla!! 
Soil 
Depth Ncr till Miniirum Conven No-till Min:illum Conven 
� ' 
0-15 16 . 0  12 . 7  14 . 0  22 . 0  22 . 3  23 . 7  
15-30 12 . 7  1 4 . 3  1 4 . 0  1 9 . 3 1 9 .3 13 . 0  
30-45 1 4 .3 1 5 . 7  16 . 0  17 . 7  1 9 . 3 13 .3 
45� 0 17 . 0  1 8 . 0  16 .3 1 9 . 0 1 9 . 7 15 . 7  
6D-75 1 9 . 7  21 . 0  1 9 . 3 1 9 . 3  21 . 7  17 .3 
75-90 22 . 0  2 4 . 3  23 .3 22 . 0  2 4 . 7  1 9 . 7  
90-105 25 .3 27 . o  26 .3 26 . 0  27 . 0  26 . 0  
105-120 28 . 7  28 .3 25 . 0  28 . 3  28 . 0  2 9 . 7  
'!UrAL (mn) 237 . s  2 47 . o  235 . 4  265 . 7  27 8 . 1 241 . 8  
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Table 21 : Volumetric soil water content ( % )  by 15 em increments and total water oontent (nm) in 1 . 2 m profile as affected by crowing system and tillage for spring wheat 
plots , fall 1 981 • 
C'nnt:i.DIIli.Ja fit.llQ!t 
Soil 
Depth �till MiniDum Conven Ncr till Mini.Irum Conven 
--em- ' 
0-1 5 22 . 3  21 . 3 20 . 3  25 . 0  26 . 0  2 4 . 3  
15-3 0 1 3 . 3  1 5 . 0  17 . 0  21 . 7  21 . 0  21 . 0 
) Q-45 13 . o  16 . 0  1 8 . 7  22 . 7  1 9 .3 1 9 . 7 
45�0 16 . 3  1 8 . 0 2 0 . 7  23 . o  2 0 . 7  1 9 . 7  
6D-75 1 9 . 0  21 .3 23 . 0 22 . 0  21 . 3  21 . 3  
75-90 21 . 7  25 . 0  2 4 . 0  23 . 7  23 . 3 23 . o  
90-105 25 . 3  27 . 7  23 . 7  25 . 0  27 . o  25 . 7  
105-120 28 . 3  26 . 0  26 . 0  27 . 0  28 . 0  28 . 0  
'lUrAL ( mn) 242 . 6  26 0 . 4 26 3 . 9 288 . 9  285 . 6  277 . 2  
Table 22 : Voll.mletr ic soil water oontent ( % )  by 15 em increments and total water content 
(trm) in 1 . 2 m profile as affected by crowing system and tillage for spr ing wheat 
plots , spr ing 1 982 . 
cnnt: inuous fit.llmi 
Soil 
Depth No-till Miniirum Conven Ncrtill MiniDun Conven 
--orr- ' 
0-1 5 35 . 0  26 . 7  26 . 3  2 9 . 3  2 9 . 7  27 . o  
15-30 27 . 7  26 . 7  23 . 0  27 . 0  27 . 0  24 . 7  
3Q-45 26 . 7  2 4 . 7  20 .3 23 .7 23 . 3  21 . 7  
45�0 26 . 3  28 . 7  20 . 0  25 .3 25 . 3  24 . 7  
6Q-75 26 . 7  22 . 3  21 .3 2 4 . 0  22 . 7  20 . 7  
75-90 27 . 3  23 . 7  23 . o  23 . 7  22 . 7  21 . 7  
90-1 05 26 . 7  25 . 7  25 . 0  2 4 . 7  2 4 . 3  23 . 7 
105-1 20 27 . 7  2 9 . 0  2 4 . 3  26 . 0  27 . 7  2 6  . o  
'!UrAL ( Jm\) 341 . 7  316 . 5  27 9 . 2  3 09 . 4  3 07 . 7  289 . 7  
either the fallow or continuous system but significance was found 
with fallow treatments averaging 28 .3  mm more soil water than 
treatments in the continuous system . 
Significant increases in the soil water contents of same 
treatments occurred over the winter of 1 981-82 . Soil moisture 
measurements taken in the continuous system in late fall 1 981 showed 
total soil water contents of 2 42 . 6 , 260 . 4 ,  and 263 . 9  rnm in no-till , 
minimum till , and conventional tillage plots , respectively (Table 
21 ) . Corresponding measurements taken in the spr ing showed increases 
of 99 .1 , 56 .1 , and 15 . 3  rmn in no-till,  minimnn till ,  and conventional 
tillage · plots , respectively (Table 22 ) . These increases led to sig­
nificant differences at nearly all depths and for total soil water 
content between the th ree tillage treatments in the continuous sys­
tem. Fallow soil moisture contents in the fall of 1 981 were 2 8 8 . 9 ,  
285 .6 , and 277 . 2  rran for no-till , minii11lill , and conventioral tillage 
treatments ,  respectively . Cor responding increases over winter in 
fallow were 2 0 . 5 , 22 .1 , and 1 2 . 5  rmn for no-till ,  minimum, and conven­
tional , respectively. Approximately 1 01 rmn of precipitation fell 
(mainly in the form of snow) dur ing the winter from November through 
March .  The large increases in moisture storage for no-till and mini­
mum till indicated that standing stubble in these treatments caught 
and held the snow and when thawing occurred, allowed it to infiltrate 
into the soil . Much of the snow on fallow treatments and on 
continuous conventional tillage plots was removed by wind and thus 
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was unavailable for storage in these treatments.  There was however ,  
a slight advantage for no-till  and minimum till fallow treatments due 
to the small amount of residues remaining on these treatments as com­
pared with oonventional till fallow or oontinuous conventional til l  
plots with no residues . Since large increases occurred in the con­
tinuous system over winter , differences between cropping systems were 
no longer significant in the spr ing of 1 982 . 
Table 23 shows soil water contents remained ve� high 
throughout the 1 982 cropping season due to adequate amounts of rain­
fall.  None of the treatments in either cropping systen showed losses 
due to crop use or evaporation and in fact , slight gains in soil 
moisture were evident at this sampling . The continuous no-til l  
treatment remained at th e  same moisture level as in the spr ing but 
gains of 1 8 . 7  and 26 rmn were found in the miniitUJJn and conventional 
tillage plots , respectively . However , no-till and minimum til l  plots 
had significantly greater total soil water than the conventional til­
lage treatment. The fallow system also showed soil moisture gains in 
all treatments with 3 4 . 6 , 13 . 8 ,  and 22 nun gained in no-till,  minirrum, 
and conventionally tilled fallow , respectively . Differences between 
treatments in the fallow system were not signif icant and differences 




Table 23 : Volumetric soil water content (% ) by 15 em increnents and total water content 
(mn) in 1 . 2 m profile as af fected by cropping system and tillage for spr ing wheat 
plots , heading 1 982 . 
CQDtiDWLI� EaJ.lQ!r! 
Soil 
Depth No-till MinimJm Conven No-till Minim.lm Conven 
� ' 
0-15 41 . 7  3 9 . 3  38 . 3  41 . 0  3 9 . 0  3 8 . 0  
15-3 0 20 . 0  21 .3  1 8 . 0  21 . 3  1 9 . 3 1 9 .3 
3Q-45 21 . 7  22 . 7  20 . 7  2 4 . 7  20 . 3  20 . 7  
45�0 2 4 . 7  2 4 . 0  21 . 0  27 . 0  23 . 7  22 . 0  
60-75 27 . 0  26 . 7  23 . 7 27 . 3  2 4 . 7  22 . 3  
75-90 2 8 . 0  28 . 0  26 . o  27 .3  26 . 7  24 . 0  
90-1 05 2 9 . 7  2 9 . 7  25 . 0  2 8 . 0  28 . 7  27 . 3  
1 05-120 3 1 . 3  28 . 0  27 . 7  28 . 7  2 9 . 3  3 0 . 0  
'!UrAL ( rrm) 341 . 6  335 . 2  305 . 2  344 . 0  3 21 . 5  3 11 .7  
Table 24 :  Volumetr ic soil water content (% ) by 15 em increnents and total water content 
(mn) in 1 . 2 m profile as af fected by cr�ing system and tillage for spr ing wheat 
plots , post-harvest 1982 . 
�DtiD�Ll� Ea.J.l� 
Soil 
Depth No-till Min.iltllm Conven No-till Mininum Conven 
� ' 
0-15 3 8 . 7 37 . 3  34 . 7  3 8 . 0  36 . 3  3 4 .3 
15-30 23 . 7  2 4 . 7  26 . 3  2 9 . 7  31 . 0  2 8 . 7  
30-45 22 . 3  21 . 3  20 . 7  23 . 3  21 . 7  22 . 3  
45�0 25 . 7  2 4 . 7  22 . 3  25 . 7  2 4 . 3  23 . o  
60-75 27 . 3  27 . 3  2 4 . 0  27 .7  25 . 7  26 .7  
75-90 2 8 . 7  28 . 0  26 . 0  28 . 0  27 . 0  2 8 . 3  
90-105 3 0 . 0 2 9 . 7  25 . 7  2 9 . 7  2 9 . 3  28 . 7  
1 05-120 31 . 3  2 9 . 3  28 . 7  3 1 . 3  31 . 7  3 0 .3 
'!UrAL ( rrtn) 340 . 8  3 43 . 6 312 . 8  340 . 2  3 3 6 . 7  3 28 . 5  
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Post-harvest 1 982 soil moisture contents are found in Table 
2 4 .  No significant differences were found between tillage treatments 
or cropping systems at any depth or for total soil water after 
harvest in 1 982 . Continuous no-till and no-till fallow soil moisture 
ex>ntents showed no change from heading , while further gains were 
found in minimum and conventional tillage treatments in both systems . 
Continuous minimum and conventional tillage plots gained 8 . 4  and 7 .6 
nm res�cti vely , and fallow minimum and conventional till  showed in­
creases of 1 5 . 2  and 16 . 8  rrun, res�ctively . A trend was evident at 
the post-harvest measurement for more total soil water in no-till and 
minimum till  in both cropping systems as compared to conventional 
tillage in both systems . 
Soil water contents in the fall of 1982 for those treatments 
to be planted to spr ing wheat in 1983 are shown in Table 2 5 .  Total 
soil water for the three tillage treatments in the continuous system 
were nearly equal and averaged 346 . 1  mm in the 1 . 2 m profile. Fallow 
plots also showed no differences between tillages and averaged 373 . 6  
rrm across all treatments. Although the fallow system averaged 27 . 5  
mn roore soil water , this difference was not found significant. 
Continuous no-till and minimum tillage treatments showed in­
creases in total soil water of 14 . 9  and 15 . 5  mm, respectively , over
 
the winter of 1 982-83 (Table 26)  • Continuous conventional til
lage 
treatments showed a slight decrease of 4 .4 mm in water conten
t. In 
.the fallow system, no-till and conventional tillage 
treatments lost · 
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Table 25:  Volumetric soil water content ( \ )  by 15 em increments and total water content 
(nm) in 1 . 2 m profile as affected by cropping system and tillage for spring wheat 
plots , fall 1 982 • 
!:Qoti.cUQJ.l:i [alls:M 
Soil 
Depth Ncrtill MiniJrum Conven Ncrtill Mi.niJrum Conven 
--em- ' 
0-15 3 4 . 7 33 . 3  33 . 7  35 . 0  3 4 .3 33 . 0  
15-30 2 8 .3 2 9 . 3  27 .3 31 . 0  3 1 .3 2 9 . 3 
3Q-45 28 . 0  � 8 .3 29 . 3  30 . 3  3 0 . 7  29 . 3  
45�0 27 . 0  27 . 3  28 . 0  29 . 7  3 0 . 0  28 . 0  
60-75 25 . 7  27 . 0  27 .3  2 9 . 7  2 9 . 0 2 9 . 7  
75-90 2 4 . 3  26 . 7  25 . 7  3 0 . 0  3 0 . 0  2 9 . 7  
90-1 05 27 .3  27 . 7  27 . 0  2 9 . 7  3 0 .3 2 9 . 0  
105-120 30 .3 2 9 . 0  28 . 7  32 . 0  3 3 .3 31 . 7  
'lUl'AL ( rrm) 344 . 4  3 48 . 1  3 45 . 9 377 . 9  377 . 8  365 . 3  
Table 26 : Volumetric soil water content (\ }  by 15 em increments and total water content 
(rrm) in 1 . 2 m profile as affected by cropping system and tillage for spring wheat 
plots , spring 1983 . 
Cnntj.DUQJ.l:i fAll� 
Soil 
Depth Ncr till Minim.lm Conven �till Mini.mJm Conven 
� ' 
0-15 37 . 7  36 . 3  3 4 . 7  36 . 7  33 . 3  3 4 . 0  
1 5-30 31 . 3  3 1 . 3  27 . 0  3 0 . 7  33 . 7  3 0 . 0  
3 Q-45 27 . 7  2 8 . 7  26 . 7  28 . 7  3 1 . 0  2 7  . o  
45�0 29 . 0  3 0 .0 28 . 7  3 0 . 0  31 . 3  
28 . 7  
6Q-75 26 . 0  28 . 3  26 . 7  28 . 3  2 9 . 0  
27 . 0  
75-90 26 . o  27 . 3  25 . 0  2 9 . 3  3 0 . 0  27 . 0  
90-105 27 . 3  2 8 . 7  27 . 0  27 . 0  
3 0 . 0  25 . 3  
105-120 3 0 .3 2 9 . 0  27 . 3  2 9 . 0  
29 . 7  2 9 . 7  
'lUrAL ( rrm) 35 9 . 3 363 . 6  341 .5 364 . 7  378 . 2  348 . 6  
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13 .2 and 1 6 . 7  rran, res�ctively , while the mininum till treatment 
stayed the srume over winter .  The gains in soil moisture in the 
continuous system can be explained by the snow trap�d in both no­
till and minimum till plots . Approximately 71 mm of moisture fell in 
the form of snow dur ing the winter of 1 982-83 (Ap�ndix A) . Most of 
the snow was removed by wind from the fallow treatments and con­
tinuous oonventional till plots , while it was trap�d by standing 
stubble in no-till and minimum till treatments .  Upon thawing , same 
of the moisture infiltrated into the soil and was stored. l.Dsses of 
soil moisture over winter in the other treatments probably occur red 
due to evaporation from the soil . Differences between cropping sys­
tems were again, nonsignificant . 
Soil water contents at heading 1983 are shown in Table 27 . 
No significant differences or trends were present between tillage 
treatments or cropping systems at heading . Decreases from the spr ing 
measurement were noted and most likely were due to crop use and 
evaporation . 
Soil water contents after harvest also showed no signif icant 
differences between tillages or cropping systems (Table 28 )  • 
However ,  the no-till treatments in both continuous and fallow showed 
approxirna.tely 17 rrrrn less soil ooisture than minim.un or conventional 
tillage treatments in both systems after harvest in 1 983 . Spring 
wheat in no-till may have used more moisture after heading or 
possibly higher losses from evaporation occurred in these treatments . 
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Table 27 : Volumetric soil water content (% ) by 15 em increments and total water content 
(mn) in 1 . 2 m profile as affected by cropping system and tillage for spr ing wheat 
plots , heading 1 983 . 
CQnt,iDUQUS ra.llaa 
Soil 
Depth Ncr till Mininum Conven No-till Minin'llln Conven 
� ' 
0-15 42 . 0  42 . 0  3 9 . 0  40 . 7 37 . 7  36 . 0  
15-3 0  26 . 3  27 . 3  25 . 7  26 .3 27 .o 26 . 0  
3Q-45 25 . 3  25 . 3  25 . 7  2 4 . 3  25 . 3  24 . 7  
45-60 25 .3  26 .3 25 . 3  26 . 0  26 . 0  2 4 . 3  
6Q-75 24 . 7  25 .3 26 . 0  2 3  . o  25 . 7  25 .3 
75-90 25 . 3  26 . 0  25 . 3  26 . 3  27 . 3  28 . 0  
90-1 05 28 . 0  27 .3 25 . 0  26 . 0  27 . 7  28 . 7  
105-120 28 . 3  28 . 7  27 . 0  28 . 7  2 9 . 0  3 0 . 0  
'!UrAL (DIY\) 343 .3 3 48 . 2  334 . 3  337 . 8  3 44 . 9  3 40 . 4 
Table 2 8 :  Volumetric soil water content ( % )  by 15 em increments and total water content 
(mn) in 1 . 2 m profile as affected by crowing system and tillage for spring wheat 
plots , post-harvest 1 983 • 
CQntiDUQU:ii fall� 
Soil 
Depth No-till MinimJm Conven 
No-till Mininum Conven 
--em- ' 
0-15 19 . 3  1 8 . 7  18 . 7  20 . 3  1 9 . 0  
1 9 . 7  
1 5-30 17 . 3  20 .3 1 8 . 7  20 .7 
22 . 0  21 . 0  
3Q-45 16 .0 1 8 . 0  17 . 7  1 8 . 3  21 . 0  
1 9 . 7  
45-60 16 .3 1 8 .3 17 .7 20 . 0  
21 . 0  20 . 3  
6Q-75 16 .3 1 8 .3 1 8 . 3  1 9 . 0  
20 . 7  20 . 0  
75-90 1 9 . 0  22 . 0  20 . 7  
1 8 . 7 21 . 7  23 . 0  
90-105 22 . 3  25 . 0  22 . 7  21 . 3  
24 . 7  23 . 7  
105-120 26 . 0  27 .0  2 4 . 7  2 4 . 7  
26 . 3  25 . 7  
'lUrAL ( DITI) 23 1 . 9  255 . 7  2 42 . 0  248 . 6  26 8 . 9  
263 . 2  
2 .  Yield and Yield Components 
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Analyses of variance for spr ing wheat yield and yield comr 
ponents are found in Appendix Tables 05-Dll .  Continuous spr ing wheat 
yields , yield components ,  plant heights , and grain protein contents 
for 1 980 are presented in Table 2 9 .  Fallow had not been established 
by 1 980 so data reflects the averages of eight replications. No sig­
nificant differences were found between tillage treatments for grain 
yield in 1 980 . Yields were 18 .1 , 1 8 . 4 , and 19 . 0  q/ha for no-till , 
minimum, and conventional tillage treatments , respectively . There 
appeared to be a very slight trend for higher yields with greater 
amounts of tillage , however , the tillage treatments had only been es­
tablished for one year . 
The number of spikes per square meter was also nonsignificant 
across tillage treatments but a trend was evident for more spikes per 
square meter as tillage was reduced. 'fuere were 43 4 ,  415 ,  and 401 
spikes per square meter in no-till , miniiTU.lJn, and conventional ti ll 
respectively . 
Test weights in no-till were significantly higher than those 
in conventional tillage treatments . No-till had test weights of 7 6 . 4  
kg/hl while conventional til l test weights averaged 74 . 9  kg/hl . Test 
weights in minimum till were 7 6 . 1  kg/hl and not significantly dif­
ferent from either no-till or conventional tillage plots . The number 
of kernels per spike was inversely related to test weights and 
Table 2 9 :  1 9 80  Continuous spr ing wheat grain yield , yield components , height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test Spike� Kernels Kernel Plant Protein 
Treatment Yeild Weight t:er m per Spike Weight Height Content 
�- -kg/hl- '"'91t'S- � -% -
Ncr till 1 8 . 1 *  76 . 4a 43 4 15 . 9b  26 . 6  76 .lab 15 . 9c  
Mini.mJm 1 8 . 4  7 6  .lab 415 16 . 4ab T7 . 2  77 .6a 16 . 4b 
Conventional 1 9 . 0  7 4 . 9b  401 17 . Sa  26 . 8  7 4 .5b 18 .5a 
F-value 0 . 81 3 . 88 2 . 02 3 . 64 1 . 85 3 . 46 5 4 . 2  
Prob . of F NS 0 . 04 � 0 . 05 NS 0 . 0 5  < 0 .0 1  
*Means followed by th e  scune letter within a column are not significantly different at 
approximately the 5% level (Waller-Duncan k-Ratio t Test , k=lOO) . 
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conventional tillage treatments showed significantly more kernels per 
spike than no-till.  The rreans were 1 5 . 9 ,  1 6 . 4 ,  and 17 . 8  kernels per 
spike for no-till ,  minimum till ,  and conventional tillage plots , 
respectively . Kernels per spike and test weights have general ly been 
found to be negatively associated and this relationship is usually 
significant . 
Kernel weights were not statistically different between til­
lages and no trends were evident in 1 980 .  Plant heights in the mini­
mum tillage treatment were significantly greater than those in con­
ventional tillage plots . Heights were 77 .6 , 7 6 . 1 , and 74 . 5  em in 
minimtun, no-till , and conventional tillage treatments ,  res�ctively . 
No-till was not significantly different form either minimum or con­
ventional til lage plots . The cause of height differential may have 
been due to a slight moisture advantage in minimum and no-till treat­
ments . This moisture advantage probably produced the greater test 
weights in no-til l ,  but it is somewhat surpr ising that there was no 
influence on kernel weight . 
Grain protein contents showed stati stical differences in 1 980 
and were 1 5 . 9 ,  16 . 4 , and 18 . 5% in no-till , minimum, and conventional 
tillage treatments , respectively . The only fertil izer applied to 
spring wheat plots in 1 980 was that applied with the seed at planting 
and consequently , protein differences may have occurred due to 
greater mineralization of organic matter in tilled treatments . 
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Conventional tillage plots , with residues incorporated , probably had 
a higher mineralization rate and thus more available nitrogen for 
plant use and storage in the kernels .  No-till ,  with none o f  the 
residues incorporated and less soil organic matter to mineralize , had 
a smaller amount of readily available nitrogen for plant use , result­
ing in lower grain protein percentages in this treatment . In sub­
sequent years , all plots were soil sampled individually and fertil­
ized for a 40 .3  q/ha yield goal to eliminate the effects of nitrogen 
on yield and yield components . 
Continuous spring wheat means for 1 981 are presented in Table 
3 0 . Yields in the continuous system were quite low due to below nor­
rral precipitation in 1 980 and all of 1 981 (Appendix A) . Average 
yields in this system were 9 . 8 , 8 .3 ,  and 7 . 5  q/ha in no-til l ,  mini­
rru..nn , and conventional til lage plots , respectively . Yields in no-til l  
were significantly higher th an  those in conventional tillage plots , 
while minimum till was not statistically different from either of 
these treatments . The yield advantage in no-till was most likely due 
to a significantly higher number of productive tillers in this treat­
rent over conventionally tilled plots . There were 3 68 ,  3 13 , and 285 
spikes per square neter in no-till ,  minirntnn, and conventional plots, 
respectively . Minimt.ml and conventional treatments were not sig­
nificantly different from each other for spikes per square neter . 
The increase in productive tillers in no-till and the trend for more 
in minimum till  may have been due to a slight soil moisture advantage 
Table 3 0 :  1 981 Continuous spring wheat grain yield , yield components , height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike Weight Height Content 
�- -kg/hl- �- -em- -%-
No-till 9 . 8a* 6 8 . lb 368a 1 4 .6 18 .Sc 70 .3a 1 7 . 5  
Mini.num 8 . 3ab 6 9 .2ab 313b 12 .8  1 9 . 3b 63 . 8b 18 . 2  
Conventional 7 . 5b 70 . 8a 285b 1 4 .0 21 . 2a 5 4 . 6c 1 8 . 2  
F-value 4 . 43 3 . 44 7 . 97 1 . 41 68 . 9  4 9 . 9  3 . 3 2  
Prob . o f  F 0 . 07 0 .1 0  0 . 02 � < 0 .01 < 0 . 01 � 
Table 3 1 :  1 981 Spring wheat-on-fallow grain yield , yield components , height , protein 
content , and statistical analyses for the three tillage treatments .  
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike Weight Height Content 
-q/ha- -kg/hl- -qms- -em- -%-
No-till 11 . 9* 66 . 3  403 1 8 . 2  16 . 6b 82 . 4  16 .5  
Minim..Jm 11 . 8  66 . 7  427 15 .6  17 . 7a 82 . o  17 . 0  
Conventional 15 .0  67 . 3  470 1 8 . 0  1 7  . 9a 83 .3  17 . 0  
F-value 2 . 80 0 .36 2 . 43 0 .52 9 . 75 0 . 1 2  2 . 91 
Prob . of F NS NS � NS 0 . 01 � NS 
�s followed by the same letter within a column are not significantly different a� 
approximately the 5% level (Waller-Duncan k-Ratio t Test , k=lOO)  • 
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early in the growing season that was present in these treatments over 
conventional till .  However , the probability of cooler soil 
temperatures in no-till and minimum till along with slightly more 
moisture may have allowed a longer tine �riod for plants in these 
treatments to develop more tillers . 
The number of kernels �r spike in the continuous system was 
not significantly different between the three tillages , however sig­
nificantly higher 1 000 kernel weights and test weights were found in 
the conventional tillage treatment . Kernel weights were 21 . 1 , 1 9 .3 , 
and 18 .5  grns in conventional , miniim.lill, and no-till res�ctively . 
These differences resulted in test weights of 70 . 8  kg/hl for conven­
tional till,  6 9 . 2  kg/hl for minimum till ,  and 68 . 1  kg/hl for the no­
till treatment . Test weights in the minimum till treatment were not 
statistical ly different from the other treatments , but the positive 
association between kernel weights and test weights was evident for 
all three tillages . 
Plant heights in the continuous system showed highly sig­
nificant differences in 1981 . Heights were 70 . 3 , 6 3 . 8 ,  and 5 4 . 6  em 
in no-till ,  minimum, and conventional till, res{:ecti veley . The large 
differences in plant height were most likely due to soil moisture 
differences that existed in the three tillage treatments throughout 
the cropping season. The trend was evident for roore soil rroisture as 
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tillage was reduced , although no significant differences were found 
between tillages for soil moisture content at any sampling period . 
Differences in grain protein content were not significant in 
the continuous system in 1 981 , but no-till  showed a tendency towards 
lower protein contents than minimum or conventional tillage 
treatments . 
Even though yields . were low in the continuous system , slight­
ly higher yields were produced when tillage was decreased. The 
greater number of tillers in the no-till treatment indicates an ad-
vantage of this system early in the growing season. This was prob-
ably due to slightly higher soil moisture contents coupled with 
cooler soil temperatures which allowed plants in no-till to develop 
higher yield potentials .  The same advantage is evident with rndnimurn 
tillage treatments but to a lesser degree. The large height dif­
ferential between tillage treatments indicates that a portion of the 
yield potential was realized in no-till and minimum til l , but low 
cropping season precipitation prevented the yield potentials from 
being reached. This is ref lected in significantly lower 1 000 kernel 
weights in no-till  and minimum tillage treatments . 
Spr ing wheat-on-fallow grain yields and components for 1 981 
are found in Table 3 1 .  Yields on fallow were also quite low but were 
slightly higher than yields in the continuous system. Fallow yields 
were 11 . 9 ,  11 . 8 , and 15 . 0  q/ha in no-till,  minimum, and conventional 
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tillage , respectively , and were not significantly different from each 
other . The trend was evident for higher yields in the oonventional 
plots and probably was due to the significantly higher number of 
spikes per s;ruare rreter in this treatment . The number in the fallow 
system was inversly related to spikes per s;ruare rreter in the con­
tinuous system in 1 981 . A greater nt.nnber of spikes was present as 
tillage was reduced in the continuous system, whereas the fallow sys­
tem showed greater spike numbers as tillage was increased. In the 
continuous system this relationship can be explained in part by 
slightly higher soil moisture and/or cooler soil temperatures in no­
till and minimum till ,  allowing increased tillering to occur in these 
treatments . However ,  the fallow system showed no differences or 
trends between the three til lage treatments for soil moisture content 
and soil temperatures should not have varied between treatments in 
fallow , so higher spike numbers as tillage increased in fallow are 
hard to explain. 
Test weights in the fallow system in 1 981 showed a trend for 
slight increases as tillage was increased. This was again due to 
significantly higher kernel weights in tilled treatments versus 
no-till . 
The number of kernels per spike , plant heights , and protein 
contents showed no significance due to tillage treatments in fallow 
and no trends could be identified for these factors . 
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Continuous spr ing wheat yields and yield components in 1 982 
are presented in Table 3 2 .  Yields in the continuous system were 
again quite low in 1 982 and it appears that rooisture nay have been 
the limiting factor . However ,  large gains in soil moisture content 
were noted in the oontinuous system over the winter of 1 981-82 , espe­
cially in no-till and minimum till treatments (Tables 21-22) . Soil 
moisture levels remained high in all tillage treatments throughout 
the growing season in 1 982 (Tables 23-2 4) . Although soil moisture 
data indicates that sufficient moisture was present during the crop­
ping season, moisture did limit yields due to severe temperatures ( 40 
C) and winds up to 65 krn/hr that occur red dur ing the f irst week of 
July in 1 982 . The hot dry winds and high temperatures persisted for 
approximately five days and the spr ing wheat oould not remove soil 
moisture at a rate sufficient to endure the high evapotranspi ration 
levels that occurred. This resulted in the premature senescence of 
most of the spr ing wheat crop and low yields , 1 000 kernel weights , 
and tests weights were the result in both the continuous and fallow 
systems. However ,  grain yields did show differences due to tillage 
treatments and soil moisture levels , although these differences were 
not significant . Yields in the oontinuous system were 9 .  5 , 7 .  3 , and 
6 . 2 q/ha for no-till , minimum, and conventional tillage , respective­
ly . These cor respond well with soil moisture differences that were 
present at heading in 1 982 (Table 23) . No-till had significantly 
higher total water contents which resulted in higher numbers of 
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Table 32 : 1982 Continuous spring wheat grain yield , yield components height 
content , and statistical analyses for the three tillage tr�tments : 
protein 
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike Weight Height Content 
�- -kgjhl- -gmf'- -on- �-
No-till 9 . 5* 66 . 9  3 66 15 . 2a 17 . 6  96 .2a 17 . 0  
Mi.nitrurn 7 .3 6 6 . 4 326 12 .3b 16 . 9  84 . 8b 1 8 . 3  
Conventional 6 . 2 6 3 . 6  290 11 . 9b 17 . 2  81 . 9b 17 . 9  
F-value 1 . 66 3 . 41 3 . 03 3 . 96 0 . 2 9  1 3 . 7 5  2 . 00 
Prob .  of F NS NS NS 0 . 05 NS < 0 . 0 1  NS 
Table 33 : 1 982 Spring wheat-on-fallow grain yield , yield components , height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike 
Weight Height Content 
-q/ha- -kg/hl- �- -arr- �-
No-till 13 . 1 *  6 9 . 4  423a 16 .1a 1 9 . 3 98 . 1  
1 6 .lb 
M.ininum 9 . 4  6 8 . 4  357ab 14 .lb 18 . 7  7 9 . 1  
17 . 5a 
Conventional 7 . 9 67 . 7  322b 1 2 . 8b 
18 . 8  82 . 2  1 8 . 2a 
F-value 2 . 73 0 . 56 3 . 80 1 0
. 6 8  0 . 0 8  1 . 3 1  1 5 . 5 2  
Prob. o f  F NS NS 0 . 0 9  < 0  . 01 
NS NS < 0 . 0 1  
� s  followed by th e  same letter within a co l umn  a r e  not significantly different a� 
awroxirrately the 5% level (Waller-Duncan k-Ratio t Test , k=lOO) • 
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spikes per square meter , significantly taller plants , significantly 
rore kernels per spike , and ultirrately the highest yields as oomp3.red 
with minimum and conventional tillage treatments . The minimum til­
lage treatment had lower soil moisture values than no-till but higher 
contents than conventional plots , resulting in slightly higher 
yields , more spikes per square rreter , slightly tal ler plants , and 
higher test weights than conventional till.  Conventional tillage 
treatments had the lowest soil water contents during the cropping 
season and was thus the first treatment to be adversely affected by 
the hot , dry winds . This resulted in the lowest yield and sig­
nificantly lower numbers of kernels per spike . Nb-till and minimum 
till , with higher soil water contents , were able to sustain a while 
longer during the hot , windy weather and showed the higher values . 
Grain protein contents in the continuous system were very 
high due to low kernel weights but were not signif icantly different 
between tillage treatments . 
Results of spr ing wheat-on-fallow in 1 982 were similar to 
those found in the continuous system and are shown in Table 3 3 . 
Although differences in soil moisture content in fallow were nonsig­
nificant , the trend existed for rrore water in the no-till and minirrurn 
till treatments . This was again evident in the number of spikes pe r  
square meter found i n  the three tillage treatments with no-til l  
showing significantly greater numbers than those found in 
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conventional till plots . Spike ntnnbers were 423 , 357 , and 322 per 
square neter in ncr-til l ,  rninirrum, and conventional tillage 
treatments , respectively . Spikes per square neter in minirrum till 
were not statistically different from either no-till or conventional 
till . Differences in spike numbers and kernels per spike were most 
· likely the reason for yield differences of the three tillage treat­
ments in fallow . Yields were 13 .1 , 9 . 4 ,  and 7 .6 q(ha in ncr-till,  
minimum, and conventional , . respectively. The no-till treatment had 
significantly more kernels per spike than either minimum or conven­
tional till treatments . 
Kernel weights and test weights were also low in all treat­
ments in the fallow system, but means in ncr-till were slightly higher 
than those in minimum or conventional tillage treatments . The values 
were low due to the hot , windy conditions which caused premature 
senescence in 1 982 . 
Plant heights were not statistically different between the 
three tillages but again , ncr-till had taller plants than either mini­
mum or conventional treatments . Heights were 9 8 . 1 , 7 9 . 1 , and 82 . 2cms 
in no-till ,  minimum, and conventional till,  respectively .  
Grain protein contents were significantly higher in the mini­
mum and conventionally illed fallow treatments as COrnp:ired to no­
till fallow . The lower protein content in no-till may be a 
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reflection of the trends for higher yield , kernel weight , and test 
weight in this treatment . 
Continuous spring wheat grain yield and yield components for 
1 983 are found in Table 3 4 .  Precipitation was above normal in the 
fall of 1 982 and was adequate dur ing the cropping season in 1 983 
(Ap�ndix A) • Total soil water contents were high in both the con­
tinuous and fallow cropping systems and showed no significant dif-
ferences between tillage treatments or cropping systems at any sam­
pling �riod .  
Grain yields in the continuous system were 1 8 . 2 , 1 8 . 2 , and 
24 .2  q(ha in no-till , minimum, and conventional tillage treatments , 
res�ctively . Yields in the conventional tillage plots were sig­
nificantly higher than those in no-till and minimum till . The higher 
yields in conventional till in 1 983 were most likely due to sig-
nificantly nore spikes �r square rreter in this treatment as corn�red 
with the no-till treatment . Since moisture contents were sirrdlar 
across treatments , the differences in numbers of spikes �r square 
meter may have been due to phytotoxicity problems associated with the 
residues in no-till and minimt.ml till treatments. This is likely the 
cuase and cor responds well with research by Cochran et al . ( 20 )  in 
the Pacific Northwest . They found that P'lytotoxin activity occurred 
dur ing �riods of cool , wet weather ; and if residue amounts were 
high , tillering was reduced and plants lacked vigor . Later research 
Table 3 4 :  1983 Continuous spring wheat grain yield , yield �nents height 
content , and statistical analyses for the three tillage tr�tments : 
protein 
Tillage Grain Test Spik� Kernels Kernel Plant Protein 
Treatment Yeild Weight per per Spike Weight Height Content 
-q/ha- -kgjhl- �- -atr --%-
No-till 1 8 . 2b* 71 . 7  334b 23 . 8  23 . la 89 . 6b 16 . 4  
po4..ininiJin 1 8 . 2b 70 .5  3 99ab 21 .1 21 . 9b 90 . 8b 16 .5  
Conventional 2 4 . 2a 71 . 8  458a 23 . 3  23 . 3a 94 .la 16 .7 
F-value 45 . 8  1 . 90 7 .71 0 . 84 1 0 . 8  8 . 6 1  1 . 7 9  
Prob .  o f  F < 0 . 01 � 0 . 02 � 0 . 01 0 . 02 NS 
Table 35 : 1 983 Spr ing wheat-on-fallow grain yield , yield components ,  height , protein 
content , and statistical analyses for the three tillage treatments . 
Tillage Grain Test SpiX Kernels Kernel 
Plant Protein 
Treatment Yeild Weight per ' per Spike Weight Height Content 
-q/ha- -kg/hl- -<jmS- � --%-
No-till 2 4 . 4b* 71 . 7  355 3 0 . 0a 23 . 3  94 . 7  16 . 6  
Min:intlm 2 4 .3b 72 . 4  43 9 23 . 4b 23 . 7 93 . 9 16 .2 
Conventional 25 . 2a 72 . 4  41 2  26 .6ab 
23 . 6  94 . 6  16 .3  
F-value 9 . 85 0 . 43 2 . 73 4 . 1 4  
0 .3 4  0 . 5 8  2 .3 6  
Prob .  of F 0 . 01 � NS 0 . 07 NS 
NS NS 
� followed by the same letter within a column are not significantly different at 
approximately the 5% level (Waller-Duncan k-Ratio t Test , k=lOO)  • 
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11 9 
by Cochran et al . ( 19) showed that exposure to acetic acid 
�rnanently influenced tiller formation and shoot growth . They 
coD:luded that the loss of early tillers and shoot growth has the 
potential to reduce tillering and grain yields roore than the loss of 
later forming tillers . This is probably what occurred at the study 
site in 1 983 since spikes �r square rreter showed large differences 
due to tillage treatment . Similar results were found in winter wheat 
treatments in 1983 (Table 15) . Continuous spring wheat treatments 
had 458 , 3 99 ,  and 334 spikes per square meter in conventional , mini­
nu.nn, and no-till ,  respectively . Spike m . .unbers in minirn..nn till were 
not statistically different from either conventional or no-til l  but 
show the trend for reduced tillering as residue amounts increase . 
Plant heights were also significantly less in both no-till 
and minimum till treatments in the continuous system. Heights were 
94 .1 , 90 . 8 ,  and 8 9 . 6 em in conventional , mininum, and no-till ,  
respectively . These differences also indicate that t:hytotoxicity 
problems may have ocurred in no-till and minimum till treatments . 
No significant differences were found between tillages for 
the number of kernels per spike or test weights , although minimum 
till plots showed significantly lower 1000 kernel weights compared to 
no-till and conventional till treatments . Grain protein contents 
were not significantly different , but a slight trend could be seen 
for reduced grain protein as tillage was decreased. 
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Table 35 shows spring wheat-on-fallow grain yields and 
components for 1983 . Yield rreans were 2 4 . 4 , 2 4 . 3 , and 25 . 2  qlha in 
no-till , minimum, and conventional tillage treatments ,  res};ecti vely . 
The yields in conventional tillage were again statistically greater 
than no-till and minirrurn till yields . However ,  the yield reductions 
in these treatments in fallow were mucll less than the reductions 
found in the continuous cropping system . The slight yield reduction 
rray have been due to sane residues remaining in no-till and minimum 
till plots after the 21-month fallow period, resulting in lower 
production of phytotoxins . 
No significant differences were found between fallow tillage 
treatments for the number of spikes per square meter , but a trend was 
evident for fewer spikes in no-till . However , no-till had sig­
nificantly IOOre kernels J;er spike than either minirm.nn or conventiona.l 
tillage fallow . There were 3 0 . 0 , 23 . 4 , and 26 .6  kernels per spike in 
no-till ,  minirm.un, and conventional tillage plots , res};ectively . The 
greater nt.nrber of kernels per spike in no-till may have compensated 
for having fewer spikes J;er square meter and thus resulted in no-till 
and minimum till being nearly equal for yield. 
Test weights , 1 000 kernel weights , plant heights , and protein 
contents showed no significant differences between tillage treatments 
in fallow in 1 983 and no trends could be identified. 
When reviewing the spring wheat yield and yield component 
data over the four years of the study , certain trenis or p3.ttems 
seemed to indicate certain relationships even though they may not 
have resulted in statistical significance .  
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In the continuous cropping system, there was a consistent 
trend during the first three years for increased tillering per unit 
area as tillage was reduced. This indicates that no-till and mininum 
tillage may provide a . more favorable environment for spr ing wheat 
growth early in the season. The early advantage allowed wheat in 
these treatments to develop a higher yield potential than spr ing 
wheat planted in conventional tillage treatments .  This increase in 
potential was most likely due to conservation of soil moisture and/or 
cooler soil temperatures . Relatively small differences in yield and 
component data were found in 1980 but this was the establishnent year 
and few differences were expected . However in 1 981 and 1982 , low 
precipitation and hot , dry conditions prevented the spring wheat crop 
from achieving its yield potential . No-till and minimum till  still 
showed same advantage as can be seen in the plant height diffe rential 
that occurred in these two years . IDw numbers of kernels pe r  spike 
and low kernel weights are evidence that rooisture limited yields in 
1981 and 1 982 . Although the trend was present for higher yields in 
no-till in both years , much higher yields resulting in stati stical 
differences may have occurred if precipitation and weather conditions 
had not limited crop growth in these years .  
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In contrast to 1 981 and 1982 , the 1 983 cropping season was 
above average in precipitation. Soil moisture contents were ve� 
high and generally excellent growing conditions were present at the 
study site . These conditions caused same differences in yield and 
yield component data to occur in 1983 and they were inversely related 
to differences occurring in 1 981 and 1982 . The rost obvious dif­
ference was in the number of spikes per unit area found in the three 
tillage treatments . In the continuous cropping system no-till had 
significantly fewer tillers than the conventionally tilled treatment 
in 1 983 . It appeared that in a high rainfall year (high yield poten­
tial) , sanething limited tiller production in no-till treatments and 
to a certain degree in minimum tillage treatments . The literature 
indicated that problems due to phytotoxins produced during residue 
decomposition occur red when precipitation was high and temperatures 
were cool . Phytotoxins probably caused the reductions in tillering 
as tillage was decreased in 1 983 , resulting in significantly lower 
yields in no-till and reduced tillage treatments in this year . 
Further evidence to support this theory could be seen in plant height 
measuranents , with no-til l and minirrmn till treatments being sig­
nificantly shorter than the conventional tilage treatment. Thus , in 
high yield potential years under continuous cropping situations , con­
ventional tillage may have an advantage over minimum and no-til l  
treatments due t o  th e  potential for phytotoxin production caused by 
decomposition of surface residues in these treatments.  
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Sill1MARY AND <DNCLUSIONS 
The objective of this investigation was to determine and cornr 
pare the effects of tillage systems and cropping sequences on soil 
moisture ,  soil temperature , establishment and survival of winter 
wheat , and yield and its components for spr ing and winter wheat 
production in South Dakota . 
To arrive at the objective , three tillage systans (no-till , 
minimum tillage , and conventional tillage) and two cropping sequences 
(continuous wheat and alternate wheat-fallow) were established in 
1 97 9  at a study site in northeastern South Dakota . Plots were laid 
out in a randomized complete block design with four replications . 
Replications were divided into three blocks each , consisting of a 
continuous block and two crotr-fallow blocks . All tillage treatments 
and both spr ing and winter wheat were included and randomized within 
each block . weeds were controlled in all treatments and plots were 
fertilized individually to prevent these factors from influencing the 
effects of tillage and cropping systems . 
The following conclusions are based on the results of this 
experinent and as such nuch be ronsidered in terms of the variable 




1 .  The fallowed treatments generally had higher soil water oon­
tents than continuously cropped treatments at planting . Within the 
continuous system, ncr-till  and minimum tillage treatments oonserved 
slightly more moisture between harvest and planting of winter wheat 
than conventional tillage treatments . 
2 .  · Crown level soil temperatures in oontinuous ncr-till and minimum 
till were significantly warmer ( 2 .2 to 5 .5 C) than those in oon­
tinuous oonventional tillage treatments or fallow treatments dur ing 
critical oold per iods . The influence of standing stubble in no-til l 
and minirrum till along with the entrap-rent of snow allowed these 
treatments to remain warmer . Crown level temperatures in these 
treatments also showed less fluctuation as oompared to continuous 
conventional til lage or fallow treatments . 
3 .  Establishlrent of winter wheat on fallowed treatments was 1 00% 
in all years of the study . Establ ishnent in the oontinuous system 
varied widely from year to year , but generally higher stands were 
achieved in no-till  as comp3.red to oonventional tillage . This was 
due to greater moisture oonservation between harvest and planting of 
winter wheat . 
4 .  survival of winter wheat over winter varied greatly between 
years , but in years when winterkill occurred no-till had the best 
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survival in both cropping systems . In the continuous system , this 
was most likely due to the influence of standing stubble which 
allowed tanperatures at the crown level to remain warmer and also 
caught snow for further protection. There was sane . indication that 
moisture conserved in this treatment produced healthie r , more 
· vigorous plants that nay have been less susceptible to injury and 
winterkil l .  Survival percentages in the minimum tillage treatments ,  
although poorer than no-till , were significantly higher than those in 
conventional tillage treatments . 
5 .  Winter wheat yields in the continuous cropping system for the 
relatively dry year of 1 981 showed an advantage for the no-till 
treatment over minimum and conventional tillage treatments.  However , 
this differential was likely due to better stand establishment in no­
till resulting in a higher number of productive tillers pe r  unit 
area . Winter wheat-on-fallow showed yields more than chuble those in 
the continuous system but no differences were found due to tillage 
treatment in fallow . In a high rainfall year such as 1983 , winter 
wheat yields in the continuous cropping system were significantly 
greater in the conventional tillage treatment. Significantly higher 
numbers of spikes per unit area were also found in this treatment . 
Lower yields in continuous no-till and minimum till in 1 983 may have 
been due to phytotoxins produced dur ing decomposition of surface 
residues in these treatments,  resulting in fewer tillers per unit 
area , less kernels per spike , lower test weights , and shorter plants . 
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Yields on fallow showed a slight advantage for no-till and minirrum 
tillage in 1 983 . Greater numbers of productive tillers were found in 
these treatments probably because of higher total soil water contents 
as OOmp:lred to the conventional tillage treatments • . 
6 .  Downy brome populations in oontinuous no-till and reduced til­
lage treatments increased severely after two years at the study site . 
Since downy brome has a life cycle similar to winter wheat , this weed 
alone may make the continuous cropping of winter wheat infeasible un­
til selective herbicides are developed for its oontrol . 
Spring Wheat 
1 .  Few statistical differences were found for total soil water 
contents between tillage treatments in either cropping system at any 
tirre dur ing the study . A trend existed for greater water oonse rva­
tion in the soil surface of no-till and minimum tillage treatments . 
However ,  over the winter of 1 981-82 , significant increases in soil 
water oontents occurred in continuous no-till and minimum tillage 
treatments . These treatments gained 99 .1  and 56 .1 mm for no-till and 
miniiWin till , respectively , while the conventional tillage treatment 
gained only 1 5 .3 mm over winter . The large increases in moisture 
storage for these treatments indicated that standing stubble caught 
and held snow dur ing the winter and when thawing occur red, allowed 
the moisture to infiltrate into the soil . 
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2 .  In the continuous cropping system, there was a oonsistent trend 
dur ing low precipitation years for increased tillering as tillage was 
reduced. In dry years then , no-till and rniniiTlliD tillage may provide 
a more favorable environment for spring wheat growth early in the 
season. This allows a longer period for whea� in these treatments to 
develop more tillers and thus higher yield potentials than spring 
wheat planted in conventional tillage treatments . The increase in 
tillering is most likely due to conservation of precipitation coupled 
with cooler soil temperatures . In a high rainfall year , continuous 
no-til l and minimum tillage treatments produced significantly less 
tillers per unit area than the conventional tillage treatment . 
Phytotoxins , which may have inhibited plant growth in no-till and 
minimum till treatments , were likely produced dur ing decomposition of 
surface residues in these treatments. 
3 .  Continuous no-till and minimum tillage treatments showed a con­
sistent trend for higher yields in years when precipitation was 
limiting . However , in a high yield potential year under a continuous 
cropping situation , conventional tillage had a significant yield ad­
vantage when compared to no-till and minimum tillage systems probably 
due to phytotoxin production in these treatments.  
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Table Bl : Analysis of variance for .. total soil water oontent by 
cropping system , fall 1 980 . 
<DNl'!NtDUS 
Source df ss 
Tillage 2 402 
Rep 2 7034 
Crop 1 1956 
Til x Rep 4 113 0 
Til x Crop 2 702 
Rep x -Crop 2 2 92 
Error _4_ 443 7  
Total 17 
NS - No significant difference . 
* - Significant at . 0 5 level . 
** - Significant at . 01 level . 
F 
0 . 71 NS 
3 .17 NS 
13 . 42 NS 
0 .25  NS 
0 . 3 2  NS 
0 .13 NS 
FAI.TCM 
ss F 
453 1 . 0 0  NS 
408 0 . 9 9  NS 
8 0 .1 1  NS 
905 1 . 0 9  NS 
1029 2 . 4 9  NS 
143 0 .3 5  NS 
827 
Table B2 : Analysis of variance for total soil water oontent by 
cropping system, spr ing 1 981 . 
OONI'INtDQS 
Source df ss 
Tillage 2 871 
Rep 2 11087 
Crop 1 483 2  
Til x Rep 4 1308 
Til x Crop 2 1 571  
Rep x Crop 2 3 3 0  
Error _4_ 6728 
Total 17 
NS - No significant difference . 
* - Significant at . 0 5  level . 
** - Significant at . 01 level . 
F 
1 . 33 NS 
3 .3 0  NS 
2 9 . 3 1  * 
0 .1 9  NS 
0 . 47 NS 
0 . 1 0  NS 
FAT.!& 
ss F 
188 0 . 85 NS 
40 9 0 . 41 NS 
6732 3 0 . 55 * 
442 0 . 2 2  NS 
886 0 . 88 NS 




Table B3 :  Analysis of var iance for total soil water oontent by 
cropping systan , heading 1981 . 
mmrnmus 
Source df ss 
Tillage 2 241 
Rep 2 15259 
Crop 1 421 9  
Til x Rep 4 2 221 
Til x Crop 2 900 
Rep x Crop 2 310 
Error _L 7833  
Total 17 
NS - No significant difference . 
* - Significant at . 05 level . 
** - Significant at . 01 level . 
F 
0 .22 NS 
3 . 90 NS 
27 . 2 5  * 
0 . 28  NS 
0 .23  NS 
0 . 08  NS 
FAI.ICW 
ss F 
808 1 . 73  NS 
285 0 . 27 NS 
41 00 26 . 2 2  * 
937 0 . 44 NS 
92 4 0 . 87 NS 
313 0 .3 0  NS 
2113 
Table B4 : Analysis of variance for total soil water content by 
cropping system , post-harvest 1 981 . 
mmrnoous 
Source df ss 
Tillage 2 470 
Rep 2 1 0720 
Crop 1 509  
Til x Rep 4 43 62 
Til x Crop 2 3 22 
Rep x Crop 2 1367 
Error __L_ 4 973 
Total 17 
NS - No significant difference . 
* - Significant at . 0 5 level . 
* * - Significant at . 01 level . 
F 
0 . 22 NS 
4 .31  NS 
0 . 74 NS 
0 . 88 NS 
0 .13 NS 
0 . 55  NS 
fAI.ICM 
ss F 
93 9 0 . 7 3  NS 
465 0 .3 1  NS 
257 0 . 41 NS 
2 56 3  0 . 85 NS 
2366 1 . 57 NS 




Table B5 : Analysis of variance for total soil water oontent by 
cropping system , fall 1 981 . 
mNriNtDUS 
Source df ss 
Tillage 2 843 
Rep 2 6 81 3  
Crop 1 1875 
Til x Rep 4 4413  
Til x Crop 2 207 
Rep x Crop 2 629 
Error _!_ 456 3 
Total 17 
NS - No significant difference . 
* - Significant at . O S level . 
** - Significant at . 01 level . 
F 
0 . 38  NS 
2 . 99 NS 
5 . 96 NS 
0 . 97 NS 
0 . 0 9  NS 
0 .28 NS 
FAI.ICW 
ss F 
2 45 0 .1 4  NS 
1 936 2 .1 2  NS 
53 4 0 . 3 1  NS 
3384 1 . 86 NS 
204 0 .2 2  NS 
3498 3 . 84 NS 
1823 
Table B6 : Analysis of variance for total soil water content by 
cropping system , spring 1982 . 
CDNriNWU� 
Source df ss 
Tillage 2 129S1 
Rep 2 S031 
Error _u_ 9817 
Total 17 
NS - No significant difference . 
* - Significant at . OS level . 
** - Significant at . 01 level . 
F 
8 . S8 * *  
3 . 33  NS 
FAT.!& 
ss F 
68S O . S 2  NS 
2271 1 . 7 4  NS 
asoo 
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Table B7 : Analysis of variance for total soil water oontent by 
cropping systan , heading 1982 . 
CDNI'INWUS 
Source df ss 
Tillage 2 226 3 
Rep 2 758 
Error _L. 107 
Total 8 
NS - No significant difference . 
* - Significant at . O S  level . 
** - Significant at . 01 level . 
F 
42 . 3 6  * *  
1 4 . 1 8  * 
FAT.TCIN 
ss F 
1658 1 . 89 NS 
93 0 . 11  NS 
1756 
Table B8 : Analysis of variance for total soil water oontent by 
cropping systan, post-harvest 1 982 . 
mNriNt.DUS 
Source df ss 
Tillage 2 23 0 
Rep 2 5 446 
Error _L. 1407 
Total 8 
NS - No significant difference . 
* - Significant at . 0 5  level . 
** - Significant at . 01 level . 
F 
0 . 3 3  NS 
7 . 74 * 
FAT.I& 
ss F 
2036 0 . 77 NS 
27 9 0 . 11 NS 
5298 
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Table B9 : Analysis of variance for total soil water oontent by 
cropping system , fall 1 982 . 
(DNI'!NU)US 
Source df ss 
Tillage 2 91 4 
Rep 2 4236 
Crop 1 99 
Til x Rep 4 4134  
Til x Crop 2 1102 
Rep x Crop 2 723 
Error _L 577 
Total 17 
NS - No significant difference . 
* - Significant at . 0 5  level . 
** - Significant at . 01 level . 
F 
0 . 44 NS 
1 4 . 6 9  * 
0 . 27 NS 
7 .17 * 
3 . 82 NS 
2 . 51 NS 
FAI.ICM 
ss F 
288 1 . 1 2  NS 
1290 2 .71  NS 
4 0 . 0 8  NS 
515 0 . 5 4  NS 
131 0 . 2 8  NS 
1 00 0 . 21 NS 
951 
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Table Bl O :  Analysis of variance for total soil water content , 
spr ing 1 983 . 
Source df 
Cropping System (CS )  2 
Tillage (Til ) 2 
Crop (CR) 1 
Rep 2 
Rep X CS 4 
CS X Til 4 
Rep X Til 4 
CS x CR 2 
Til x CR 2 
Rep X CR 2 
Rep x CS x CR 4 
Rep X Til X CR 4 
Rep X CS X Til 8 
Error _ll_ 
Total 53 
NS - No significant difference . 
* - Significant at . 05 level . 
** - Significant at . 01 level . 
ss F 
- ----
80 9 0 .3 7  NS 
728 1 . 82 NS 
264 1 . 46 NS 
2104 3 . 0 2  NS 
43 85 3 .1 4  NS 
889 0 . 6 4  NS 
80 0 0 . 57 NS 
624 0 . 90 NS 
1298 1 . 86 NS 
360 0 . 52  NS 
887 0 .6 4  NS 
3 01 0 . 22 NS 
2773 0 . 99 NS 
41 83 
1 44 
Table Bll : Analysis of variance for total soil water oontent , 
heading 1983 • 
Source df 
Cropping System (CS) 1 
Tillage (Til ) 2 
Crop (CR) 1 
Rep 2 
Rep X CS 2 
CS X Til 2 
Rep X Til 4 
cs X CR 1 
Til x CR 2 
Rep x CR 2 
Rep X CS X CR 2 
Rep X Til X CR 4 
Rep X CS X Til 4 
Error _L 
Total 35 
NS - No significant difference . 
* - Significant at . 05 level . 
** - Significant at . 01 level . 
ss F 
53 4 0 . 21  NS 
116 0 . 2 5  NS 
6891 17 . 46 NS 
3107 2 . 45  NS 
51 09 4 . 0 2  NS 
23 20 1 . 83 NS 
920 0 .3 6  NS 
665 1 . 0 5  NS 
865 0 . 6 8  NS 
789 0 .6 2  NS 
280 0 . 2 2  NS 
1 42 0 . 06 NS 
1532 0 . 6 0  NS 
3 813 
1 45 
Table B1 2 :  Analysis of variance for total soil water content , 
post-harvest 1 983 . 
Source df ss F 
Cropping System (CS ) 1 491 8  1 . 82 NS 
Tillage (Til) 2 78  0 .1 4  NS 
Crop (CR) 1 38 0 . 06 NS 
Rep 2 3375 1 . 6 3  NS 
Rep X CS 2 5 412  2 . 62  NS 
CS X Til 2 1777 0 . 86 NS 
Rep X Til 4 1106 0 . 27 NS 
CS x CR 1 364 0 .3 5  NS 
Til x CR 2 2070 1 . 0 0  NS 
Rep X CR 2 131 0 0 . 6 3  NS 
Rep x CS x CR 2 3609  1 . 75 NS 
Rep x Til X CR 4 894 0 . 22  NS 
Rep X CS X Til 4 327 8  0 .  7 9  NS 
Error _L 6200  
Total 35 
1 46 
------- ---- ----------------- -----
NS - No significant difference . 
* - Significant at . 05 level . 
* *  - Significant at . 01 level . 
Table Cl : Analysis of variance in continuous cropping system for 
crown level soil temperatures dur ing critical period 
of February 6-1 2 ,  1 981 . 
Source df 




Til X Day 1 2  
Til X Tine 6 
Til X Rep 2 
Day X Tine 1 8  
Day X Rep 6 
Tirre x Rep 3 
Til X Day X Time 36 
Til X Tirre X Rep 6 
Day X Tine X Rep 18  
Til X Day X Rep 12  
Error _lL 
Total 167 
NS - No significant difference . 
* - Significant at . OS level . 
** - Significant at . 01 level . 
ss F 
104 . 2 9  2853 . 6  * *  
513 . 3 9  1611 . 0  * *  
27 . 5 2  480 . 1  * *  
0 . 43 26 . 5  * *  
27 . 99 6 0 .7  * *  
2 . 32  3 0 . 8  * *  
0 . 0 4  1 . 1 NS 
123 . 7 8  423 . 5  * *  
0 .3 2  3 . 3 * 
0 . 06 1 . 2  NS 
12 . 3 4  21 .1 * *  
0 . 08 0 . 8 NS 
0 . 2 9  1 . 0 NS 
0 . 46 2 . 4 * 
0 . 58  
147 
1 48 
Table C2 : Analysis of variance in continuous cropping system for 
crown level soil temperatures dur ing critical period 
of January 5-11 , 1 982 . 
Source df 




Til x Day 12 
Til X Tire 6 
Til x Rep 2 
Day X Tim: 1 8  
Day X Rep 6 
Tirre x Rep 3 
Til X Day X TillE 36  
Til x Tine X Rep 6 
Day X Tim= X Rep 18 
Til X Day X Rep 12 
Error __l6_ 
Total 167 
NS - No significant difference . 
* - Significant at . 0 5 level . 
* *  - Significant at . 01 level . 
ss F 
629 ./ 9 1 0998 . 3  * *  
371 . 42 1192 . 7  * *  
5 .1 5  42 .7  * *  
0 .2 0  13 . 0  * *  
15 . 40 1 07 . 3 * *  
0 .23 7 .1 * 
0 .0 6  2 . 4  NS 
34 .5 9  164 . 0  * *  
0 .3 1  3 . 4 * *  
0 .1 2  2 . 6 NS 
16 .15  2 9 . 2  * *  
0 . 0 3  0 . 3 NS 
0 .21 0 . 8 NS 
0 .1 4  0 . 8 NS 
0 .5 5  
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Table 01 : Analysis of variance for yield and yield components of continuous winter wheat 
in 1 981 . 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield Weight pe r m per Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 5 8 . 0 6  40 . 7 8  1 8 956 2 .  7 6  20 . 6 1  73 . 93 2 . 3 2  
Rep 3 2 9 .71 1 5 . 6 2  81 20 2 4 . 0 2  11 . 9 9 1 3 . 45 0 . 92 
Error ....L 13 . 43 5 .1 6  96 90  17 . 97 2 . 3 7  31 . 90 0 . 8 9 
Total 11 
Table 02 : Analysis of variance for yield and yield components of winter wheat on fallow 
in 1 981 . 
Grain Test spil<ez Kernels Kernel Plant Protein 
Yield Weight per m per Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 1 1 . 85 0 . 96 3035 1 . 1 7  0 . 5 7  1 5 . 1 7  0 . 0 1  
Rep 3 22 . 99 1 5 . 83 2213 46 . 3 6  1 2 . 3 3  37 . 85 0 . 23 
Error ....L 106 . 83 1 . 52 5049 44 . 3 1  4 . 1 0  6 4 . 7 6  0 . 3 3  
Total 1 1  
Table 03 : Analysis of variance for yield and yield components of continuous winter wheat 
in 1 9 83 . 
Grain Test Spike2 Kernels Kernel Plant Protein 
Yield Weight pe r m per Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 653 . 2 4  3 5 . 7 6  22407 2 4 . 7 0  3 . 3 5  1 01 . 3 3  2 . 41 
Rep 3 6 8 . 3 0  6 . 1 0  3 23 61 1 03 . 4 9  1 0 . 2 8  1 24 . 83 0 . 1 7  
Til X Rep 6 8 9 . 55 1 6 . 6 4  16875 75 . 70 4 . 81 1 04 . 66 1 . 2 5  
Error u_ 20 . 13 3 7 . 7 9  23 9 92 1 68 . 26 6 . 2 9  47 . 0 0 0 . 7 8 
Total 23 
F-values and significance levels for tillage are located in yield 
and yield corrponent tables within the text . Other F-values can be 
calculated if desi red . 
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Table 0 4 :  Analysis of variance for yield and yield components of winter wheat on fallow 
in 1 983 . 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield Weight pe r m pe r  Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 23 . 2 5  3 . 4 4  3 37 6  7 . 1 0  9 . 70 3 6 . 3 3  0 . 1 8  
Rep 3 342 . 4 8  0 . 2 9  19485 43 . 7 4  2 . 2 0  215 . 7 9  0 . 3 4  
· Til x Rep 6 125 . 0 0  8 . 80 1 947 5 9 . 62 0 . 77 1 40 .3 3  0 . 6 1  
Error J.2_ 40 . 1 6  20 . 2 1  17 986 1 05 .26 4 . 82 81 . 5 0  0 . 65 
Total 23 
Table D5 : Analysis of var iance for yield and yield components of continuous spr ing wheat 
in 1 980 . 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield Weight per m per Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 6 . 2 0  5 . 96 43 1 4  1 4 . 90 1 . 4 2  3 8 . 93 2 9 . 2 1  
Rep 7 236 . 87 1 01 . 86 1 3 08 9 131 . 2 1  3 1 . 90 65 . 4 9  3 5 . 6 9  
Error l.4. 53 . 3 9  1 0 . 7 6  1 4 970 28 . 6 8  5 . 3 7  101 . 1 2  4 . 95 
Total 23 
Table 06 : Analysis of variance for yield and yield components of continuous spring wheat 
in 1 981 . 
Grain Test Spike2 Kernels Kernel Plant Protein 
Yield Weight per m per Spike vleight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 22 . 6 8  9 . 01 14034 7 . 07 15 . 2 5  500 . 7 3  1 .1 5  
Rep 3 9 . 40 2 . 43 11800 53 . 2 4  6 .5 2  4 . 07 0 . 85 
Error __6. 15 . 3 5  7 . 86 5282 1 5 . 01 0 . 6 6  3 0 . 1 0  1 . 0 4  
Total 1 1  
F-values and significance levels for tillage are located in yield 
and yield corcponent tables within the text . Other F-values can be 
calculated if  desired. 
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Table 07 : Analysis of 
in 1 9 81 . 
var iance for yield and yield components of spr ing wheat on fallow 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield Weight p: r rn p:r Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 5 8 . 1 3  1 . 3 1  90 23 1 6 . 92 4 . 0 2  3 . 23 0 . 6 1  
�p 3 28 . 75 4 . 93 675 9 1 5 . 5 8  7 . 0 4  6 . 3 0  0 . 2 9  
Error _.6. 6 2 . 2 0  1 0 . 8 9  11118 96 . 7 6 1 . 2 4  7 9 . 6 3  0 . 6 3  
Total 11 
Table 08 :  Analysis of var iance for yield and yield components of continuous spring wheat 
in 1 982 . 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield Weight p: r m p:r Spike \veight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 9 9 . 7 3  31 . 1 9  23 127 9 . 0 8  0 . 97 91 4 . 5 3 . 6 2  
Rep 3 233 . 2 5  55 . 0 4  1 3 4 9 9  3 9 . 23 1 9 . 41 1 24 . 7 4 . 0 5  
Til x Rep 6 1 7 9 . 8 9  27 . 4 8 2 2 8 9 4  27 . 1 6  4 . 9 4  1 9 9 . 5  1 . 9 8  
Error u 61 . 2 5  3 5 . 9 9  1 80 1 6  84 . 66 9 . 91 2 45 . 2 5 . 4 4  
Total 23 
Table 09 : Analysis of var iance for yield and yield components of spring wheat on fallow 
in 1 982 . 
Grain Test Spike2 Kernels Kernel Plant Protein 
Yield Weight t:e r rn p:r Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Til lage 2 251 . 0 3  7 . 0 6  42228 12 . 0 4  0 . 7 6  1666 9 . 21 
Rep 3 88 . 99 3 6 . 0 4  3 183 1 4 . 3 9  9 . 6 9  83 3 1 . 1 4  
Til X Rep 6 27 5 . 95 37 . 6 3  3 33 3 3  8 . 66 1 . 3 5  3826 4 . 3 1 
Error u 172 . 76 21 . 1 1  6753 0 47 . 21 27 . 0 3  3 06 1  1 . 7 8  
Total 23 
F-values and significance levels for tillage are located in yield 
and yield component tables within the text . Other F-values can be 
calculated if desired . 
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Table 01 0 :  Analysis of variance for yield and yield components of continuous spr ing 
wheat , 1 983 . 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield Weight per m per Spike Weight Height Content 
Source df ss ss ss ss ss ss ss 
Tillage 2 43 2 . 6 2  5 . 0 9  61660 3 1 . 6 4  . 8 . 82 87 . 7 5  0 . 44 
Rep 3 2 2 . 5 4  2 . 0 8  2 2 5 4  21 . 47 0 . 43 2 9 . 6 6  0 . 5 8  
Til X Rep 6 28 . 3 2 8 . 0 3 23 985 113 . 1 6  2 . 44 3 0 . 5 8  0 .  7 4  
Error ll 63 . 40 1 3 . 3 5  27 5 3 6  172 . 1 2  4 . 2 0  48 . 0 0  0 . 6 9  
Total 23 
Table Dll :  Analysis of variance for yield and yield components of spr ing wheat on fallow , 
1 983 . 
Grain Test Spike� Kernels Kernel Plant Protein 
Yield \'leight pe r m per Spike Weight Height Content 
source df ss ss ss ss ss ss ss 
Tillage 2 9 . 5 9  1 . 3 9  2 9442 1 70 . 89 0 . 6 6  3 . 0 2  0 . 61 . 
Rep 3 2 4 . 4 9  3 0 . 86 5 5 96  34 . 1 7 15 . 7 9  3 6 . 7 9  0 . 55 
Til X Rep 6 2 . 92 9 . 6 8  3 23 48 1 23 . 91 5 . 83 1 3 . 0 6  0 . 7 8  
Error u 2 2 .26 1 3 . 99 2 0 27 4  l OS . 8 9  0 . 66 56 . 75 1 . 0 9  
Total 23 
F-values and significance levels for tillage are located in yield 
and yield component tables within the text . other F-values can be 
calculated if desired . 
